12 United States Patent

US009770207B2

(10) Patent No.: US 9,770,207 B2

Etzkorn et al. 45) Date of Patent: Sep. 26, 2017
(54) SENSOR ELECTRODES IN A (56) References Cited
BIO-COMPATIBLE DEVICE |
U.S. PATENT DOCUMENTS
(71) Applicant: Verily Life Sciences LL.C, Mountain 5,782,761 A * 7/1998 Gusakov ........... A61B 5/04087
View, CA (US) 600/391
6,707,610 B1* 3/2004 Woodard .......... B32B 17/10018
359/582
(72) Inventors: James Etzkorn, Mountain View, CA 6,828.059 B2* 12/2004 Miller .............. HO1IM 10/0431
(US); Harvey Ho, San Francisco, CA 429/127
(US); Zenghe Liu, Alameda, CA (US) 7,941,201 B2 5/2011 Chiou et al.
8,460,922 B2 6/2013 Miller et al.
_ _ 2002/0192558 Al* 12/2002 Miler ............... HOIM 10/0431
(73) Assignee: Vf—":rily Life Sciences LL.C, Mountain 420/2373
View, CA (US) (Continued)
(*) Notice: Subject to any disclaimer, the term of this FOREIGN PAITENT DOCUMENTS
patent 1s extended or adjusted under 35 WO 2004007465 Al 4/2004
U.S.C. 154(b) by 804 days. WO WO 201309191  * 6/2013 .......... A41D 31/00
(21) Appl. No.: 14/139,855 OTHER PUBLICATIONS
_ Yao et al. “A contact lens with embedded sensor for monitoring tear
(22) Filed: Dec. 23, 2013 glucose level.” Biosens Bioelectron. Mar. 15, 2011;26(7):3290-6.
do1: 10.1016/1.b10s.2010.12.042. Epub Dec. 31, 2010.%*
(65) Prior Publication Data (Continued)
US 2015/0173680 A1l Jun. 25, 2015 Primary Examiner — Meredith Weare
(74) Attorney, Agent, or Firm — McDonnell, Boehnen
Hulbert & Berghofl LLP
(51) Int. CL
AGIB 5/1486 (2006.01) (57) - ABSIRACH |
AGIB 5/00 (2006.01) A method may mvolve providing a conductive pattern on a
A61IRB 5/145 (2006.01) bio-compatible layer. The conductive pattern may include a
o first conductive layer that comprises a first metal and a
(52) US. Cl second conductive layer that comprises a second metal. The
CPC ... A61B 5/6821 (2013.01); A615 5/0002 second conductive layer may be over the first conductive
(2013.01); A61B 5/1486 (2013.01); A61B layer, and the first metal may be more malleable than the
5/14532 (2013.01); Y10T 29/49155 (2015.01) second metal. The method may also include mounting an
(58) Field of Classification Search electrical component to the conductive pattern to provide an
CPC  A61B 5/6821: A61B 5/0002: A61B 5/14532: electrochemical sensor. The electrochemical sensor may be
j A61R 5/1 486'3Y10T 79 /49155 configured for use 1n a body-mountable device.
See application file for complete search history. 14 Claims, 13 Drawing Sheets
4023

- g i me s

. ,_:‘.-' L e omom '
- | R T S
% L T EEEFER o - a4
- N T B
,\_"L' L F N N R I R

BT

" _ - . m o om

Lt P e o om o '

- -:" T T
- L T

- n

.\_-,:l . a BB PR |
my T T B A

- _ - . m o om

- e T I L
e £ ar " T I I

- ¥ IR R R |
DRI N

. - ll Il - .

" 2 4 Frnor o L4

B N T+ d r T
P R

. d PP d

LN - o o

'l ol ol ol o

il il il il el il il

+

"
Lo
_l'-

e _ll I-_r_a
+ d B 1
T o I
F- . a KR Lo
.'_'_ - e o
rl:-il a4 n 4 b poa
- B + d B 1
i B g B g I W L . omT -
L . a4 F R oA
-l-: . P . . P .
[ '.I':"'
o
[
a1
LA
[
L
..' " on Lo
+h rFrrTrwrrwrrw "_'_'_"'"'"_'
- - T T, oaomm
41 P B I B .
'_L -'_ _'_I..-.
| £ P T omd
I~ _.'."' Tt s s [ I T D R
T T R T
L RN ... L. .
.I'- - F T i, eE s
'L_‘ . L I | P r .
L A ddddiddidd B
'I -.l -.I.I.-I
[ " LT I I ]
1 R T T R
LU TN i
T T I O
gl i R i g I
T R
d s s s s o BT Uy o
P I T T |
e L
R R e
T I I
P R R £ 4 o4 omoa
sd 0P . oa
R
iZssssxsxxg’ """
_ T B I
._'------ £ 45 - - d m S -
- L ad P .
+ LR R
at Bl o ol o v
13__- - o -.-l---
= FEFEFFFrTT Y DR
‘:'I I I N
i s s s - - o - - = M4, o oaoma
. 44 0P 4
. LI T T T
- " .'ll..'.
F L
I B B
o e e e e e T A A
-4 0 M .o



US 9,770,207 B2

Page 2
(56) References Cited
U.S. PATENT DOCUMENTS
2005/0051427 Al* 3/2005 Brauker ................. A61B 5/076
204/412
2007/0142878 Al* 6/2007 Krulevitch ........... A61N 1/0543
607/54
2008/0296155 Al1* 12/2008 Shults ......ccooe.o.., A61B 5/0002
204/403.11
2009/0091698 Al 4/2009 Cho
2009/0198117 Al 8/2009 Cooper et al.
2010/0285514 A1 11/2010 Claussen et al.
2010/0292551 A1 11/2010 Jina
2011/0045577 Al 2/2011 Bruzewicz et al.
2011/0077490 Al 3/2011 Simpson et al.
2011/0201312 Al 8/2011 Peterson et al.
2012/0245444 Al 9/2012 Oftis et al.
2014/0374262 Al* 12/2014 Heldal ............... A41D 31/0016
204/639

OTHER PUBLICATIONS

Cheng et al. “Metabolic monitoring of the electrically stimulated

single heart cell within a microfluidic platform.” Lab Chip. Nov.

2006;6(11):1424-31. Epub Sep. 14, 2006.*

International Search Report and Written Opinion for International
Application No. PCT/US2014/071985 dated Mar. 30, 2015.

* cited by examiner



US 9,770,207 B2

Sheet 1 of 13

Sep. 26, 2017

U.S. Patent

VL

YA
BUUSIUY

acl

10SS820.4

vel
SUOI}ONJISU]
weibold

ccl
obri0)S

ele

Z2C L Aowa

oL 2PEDY [BLLIDIXE

0L
BUUBWY

¥o1 |

_
._cmcmm..o_m“
alAleuy |

091
SOIUOJ}08|3

aAljoBIB)UI-0Ig

001

/ SJOQUUQD

95T _
. JNJAID m | | Joje|nbey
j UoneuUNUIoD: TGN
A R e —

o e

d . el
N
_

SN

Sl
_ cGl “
|, eoeuey| _ euuBuUY |
" JOSUBS buiisenseH “
EEEEEEEEEEE _ |
0G1L
13]|0.JU0D | A|lddng Jemod

01 | 92IA8(] 9|QBIJUNOIN-9AT]



U.S. Patent Sep. 26, 2017 Sheet 2 of 13 US 9,770,207 B2

222 221

g —— 224

D
- fﬂmf! TS

__—_——_--
et "-
#
#
anpnt®
——
———

| Y S




U.S. Patent Sep. 26, 2017 Sheet 3 of 13 US 9,770,207 B2

N
I
Cn
O
(N |
LN |
(AN |
N 3
™
_— N
o0
~d m
I
LL.
-
D
N |
N
oo
~d

286
210
224
202
204




U.S. Patent

312

Sep. 26, 2017 Sheet 4 of 13

300a

y

Ltmmmmmmmmmmmmmmmmmfmmmmm

. s

FIG. 3a o

308

311

310
304

H*u:. T T N s 'u:-_.,,
'\‘_ 41 H'. l|.‘ x .. " T
= "31. T, "‘rﬂ . R - v a
o _'-";-,_ A, W, ‘q,;r"
N vy "-.._‘. . i
i m i e, b "'L__

i, ::'_ N . 1.:" ‘F_.,- |."1.?" “;-.'-."

WO\FQKING SUBSTRATE
T e

FIG. 3b

300c

y
314

_ \\\a\ “‘\ “‘\\x\ 3 _ R
QWORK@G SUBSTRETE\\ . \- W

FIG. 3¢

300d

- * . [
-u* :F‘luk.. uh'-_ -
“"f‘ " ™ oE r'I'll-"‘ -

n n -+« W
- - » »
" | r " - u

¥ 7 . i 1.
.oy . :_ . "" ;
L »
" "
- [ ] .. " CRESIE- S T ST ISR i i S S B N T TR R R SRR T eab ol W by oy ol e e B e A A e AR et
", ", i N S
L] 'l".'_*; —'.;_- _,:" 1.‘&“:"'!,'& "':rh Ty
) i) St
K 7.:I| k \\' Ta
ﬂl -ﬁ"r Nﬁﬂrﬁ‘
- +~:". .

W . ; . .

\*‘%\ x\x\“\\\m\ & 04

\WQB\KWG §U%§RAlE\ _ \ _ o

FIG. 3a

300e

38 320,322, 324, 326
Ik |

314

310
304

302

US 9,770,207 B2



U.S. Patent Sep. 26, 2017 Sheet 5 of 13 US 9,770,207 B2

300t

¥

320, 322, 324, 326

.3,. ", " ) ’- ':;' ""' "::'
'Mﬁﬂ}l:ﬂﬂ'ﬂ‘fﬂ' CIE 'ﬂl‘ g 2 o, ﬂﬂ -IEl:nl- El'ﬂ' I D 'IE!‘"I' “"l' ﬂ'ﬂ“ 'I'Eﬂ" ﬁﬂr‘mmm:mﬂmﬂﬂﬂiﬂ 3 1 O

38;‘

FlG 3f 300g
y

320, 322, 324, 326

) -‘* 1-:' -‘ aZ' '-h

N

TOr,EE T

FIG. 3g

300n

y

———~ 320, 322, 324, 326

¥ L] ) N
d L3
-'-'- T I T I R
. ' _- o N RGN 1&"-& e XL
. " o i . ALy ) , : . *‘.
L] n L] a F . 3 ; -y L = " | r
L] - w b | . " L] . " _’?‘ "y .. - , ; : L y T 2 -b-i:
A L, [ i et M N ! e i
- * i l I LE s o0 W _'I_'I._I_ Tl B I AN R B R B R, | . [ ] L e B O ey A R AT U A
4 T . "'+ - T Ty S o, Uy iy ¥, u, .
R 2. R T T TN 'y, R -T s S,
'1.__; _ '-\.'I__ .'._,‘ ..'_51 ..'u‘ S ﬂ‘“. L '.h:‘ i.'_l;‘ :.“"t' ..t_\‘. L
. T T T e e, T = » L by
.Ll : :-’_ . ':':“f‘- . __lq‘"‘- . ‘3-'_ ,‘_..‘ '.u:u‘_ - _':"I-l‘ "i“.- , "'1-’ '.'?_-_ a-...‘- : h'.ki-?"‘-
'1._; e r T ) 'n 'u - ™ ‘il n, =|"'.'h.. .'i.'_-| :"i"_-| :'Ii. M Llh .
M, '-..; ‘. n_ . ‘... - e ".. o, . T T I' C N 5

'mmmmmmmmmmﬂmmmwmtmmmm*&mmmtmtrmtﬁmmmm

U\I % o

FI1G. 3h

300

/

39, 324, 324, 326

- T S, . L .
. . F .‘ % . [ ] r 1 . 1‘ L " . H""" '.'
ey B, oy B T T A %, b oy TN Ty
*--*u:a.-: Ve R A oo *--*ra,-:, NN
e e e L B """%-.. TN
-";--. . l":'.. : ":-'..
"F'f';- H“"rf. - .
B L n""'-.s
31 2 -."'.'*._ - H'L:"l'-._ h.-.f- 31 O

m m m-:-r iz mmm&mr&mmmmm\hﬂﬂmmvmvmm&mmmmmm

SRR ‘-\1. 'x._\ ﬁ.‘_\\ xR =-. 1-.' ; ‘x. RS 304
ORKLNQSQSJR&TE S~

FIG. 3




U.S. Patent Sep. 26, 2017 Sheet 6 of 13 US 9,770,207 B2

300)

342 y

338 ¥ 300 322 324,325

L %’3«

L B} o

i " )
! L oy
u 2 . R . 4 R . n'-_, - . .
i, ’ r . T J} .rl r.rul'_ l “‘
=, g . n‘f_,_n -r'.'.ll.‘_ "ﬂ\.'ll.‘__ 1‘\!1_
" . n . 'F‘I-. -rl':r. .'q.-rl.. ", T"J‘

'n-. t, .'-| '.'.l_ n‘ n‘ .,
mmmmmmmmmmmmmmmmmmmmmmmmmmmmm

95@ SR 38;‘

300K

- 320, 322, 324 306

) - ——
i- .' o LT AL ¥ ALY Y e Ty ¥ ?
: By .ﬁ"- hy e -'I.':':j ;l."h_n . i i ._ !
______________________________ . " . = _-|_-'-_ _--_ .F f-_-_‘--..- .-_ r _--_ -'_.'-_.-_ F. --f-_-._
[ K. + ".. 3 [ e 4 R
. : ‘._ll,._ h:‘ll-,_: ‘:.ti_ ‘-l " "l"r: '-r :':J_u 3 1 0
RN i & "t*
. ""I- ,_:'_ ) .I'.“ "ll.\: " : ) '-\." ) .ﬂ‘ )
oty . Vm 1_ 3 En
3 1 2 Lo —'"- l“:."'- .'.-" -:"I:- ' "* .f-"u 3 04
| LK) LY w: n o
o, a"' a1 .l‘ a"

mmmt mmmmmmmmm&mmmmimmmmmmﬂmﬂ ‘E:'-"J!'

ORGUBTE\ 302

i /
. ...-.' 4._"! .
- & _ll-""
» L. a .
l" N * d..
' ._‘_'b." _.."l"l‘ .
O ra _.__m
PR Ly
o
oo
o - -
Y, J -
"'-*_l ~ R

338

..........

!" I,:-. p L)
L
WY - L]
"i“l ""I.‘ l;.:l‘L
-r"‘.."-::h
- : T i, o E L L i - . ™ - - -
= ; - : ‘Q‘\"\'ﬁ: T S N .. EANNEPRNS
] _ ° . --11I:I:L:-.--.-:1L i ; - ; .'E ; ol . £ ]
& I' n g ip, ; _". .:l:l:l:l:'_. II:I:I n ’ ", .
.y -i-'i.- . -"95.'.‘\ RN PRI AON ) .-..-: it '- NN
i . R R [ N" . i o o -
.t s R T - b r\." ":.'- :“r"
.t:."'ﬂ_ ¥ {‘ﬂ. X 'l-"q- "'u‘_ .“'_ M . '."|. r:‘-.'r T J‘-'n-
! . '_u“ .'.u_ " 'l"i-_ ", a Tla R ,u‘
.- J'_'q-'- . ."‘_1-"‘ ' ..-*._‘ ."'ﬁ’.‘.hi‘ Fh;. .-*1-‘ ."'-._'_-? ."-'_1.. '\-'_1- .-T-I'.
.,'\'-!_ --_uf A ” '-“ ) g Lt . = A r}. . .T"‘ A -f.+
I+-'_I 4-'II 4--'ll * +"'l x‘. "'I,_ ':‘:\‘\ '| i ': '-"u_

mmm“&immmmmmm“t“tmmwmmmmmmmﬂmm *'!L J!l

WBK‘Q§SRATE 302

390 300m

¥

312

-  mmoeom
-

--------------

|||||||
LI B B |

AR
o _. ""h e . 'ﬁ". -.qihl i e o o

: Fegn SR R e i T

NN ::'-;} ' ::::;1: -' u‘.: R e ]

q‘* T“Z e T s S I HH T T H ] 310
: ..?I.\t ] .?‘-t’ . .?+tl . -'+l:u - ‘.‘+1:u
Lo . -.rr_ . '"_.I- ) -"‘| . F#I
"'--.'., . -,.1- . ._u . '.'*__. . _‘F‘
{‘;: .. I:t: £ .. !’ . "’-'." -"_'|:Ir.| - "'|u.i

mm 'll!-m m*l- mr&mmmmmmmrﬂmmmmm

9 G ?T

FIG. 3m




326

324,
3000

300n

j

[T Y

N - == omor P e

- 1 a A m

[ I I

N

322, 324, 326
363

US 9,770,207 B2

l.,..“ﬂ.ll-1.“ﬂ.l.r.r...uﬂ.“rl.r...“l.r-_.. ﬂl-hh_...ﬂll.rhh...n.ﬂ.l.rh

E B L A B A pF T =a ! Lad F " kA I T R r a
L 4 p oA & LI I R I N LA L IS r A A A A

. - n -
- omt L B A | - LI B R | .r.r.Il'.-1.Iil.l "

R,

'

T N I R T T L B L

-mF F . LpFs - L EgFr . RREPTF LA F P LT gl - a4 g om o
. [ [ B [N I I S a mmor
= - . . - A

A - o on - . . - -

- I 1 m.ﬁ- o .- [ P .... .- a T .-. .r [ ] .-_ . .._ ..-. ﬂ .1 o .l .h .‘.l—. T .- 4 .‘ 400 g
. P PR P " T F V', b A FPRT =, - FF " . a4 F R E O . a4 BAF = F | 3
I L L L T L R A

sP R h A Lrarr A s " e PR Ay A

o
A

wAEFl - AR

- FrEFErCr

-+ = FT

-+ 47T

- dru T

~ F B F F°

[

fua. s

e PTE

T

I O L

- [ I I Y

[ e

LA

[ LR B O LR T B APLEL AT B I BN R I A

.ok PR

[ N N

at kA C o,

eod e ¥4

rn kb1

2 r b B

R I A T

a2 P21

ar i
a4

L

Y aaw fET

. e oa s B

T

- oa b

PRI L

N

P BN

el - AN

S

LI L L

ok aa

P a e e

L L T

rLrr

BT I B L

ST
v d P

1T o ey

LT LA O |

iy oo T

P N T S o T

-~ 0 4 F

AR B B

.ok R

L L

Lat kR

rd d B A

PRI O |

T

e e ey

- P M T A= - FFror

[

FTT s ETs

C

e P F R

af "
vd

F" _ - A 0T

e S/t

P

I

N L

- & l- -L -

R B

- o " L T I
LT T T

I B L

LY

ERE R

44 - L HoE

e N I R i

LrAFr

14 momoa

N ., LMo

[ I B

1w oa & oa

[ | a4

- parcr

S e a2 moa bt

EE I N N L)
LA R EFFT

. FB R

N X L

r :

- AT L A

cat e FoF o,

r 4 FE A

. a2 BT P

L T R N L T

T I e L

e

[ L

B B B .

PR B

L . 2L T R

T L L

aa f T e

afr
r d
.

- [T I RS s m a2 a - 17 Exoa " mom oaoa P mom - s E m oma .7 A wma

rar oa oL . m R M Jd - " meomoE TR I I [E I R . o omoRor - [
. LI T T e - LI e - P I . . [ A

P T e S A T T N P I LA I B B o S A L e |

LI DR T O o PR I A SEEL LR I T T ol A T B SRR A N R LTI R N AL B I B

[ R I L S LT L L T T L P L L PR R
Fwmrer Pl L g d T L arad T s a T ned " Ll a7

[ (B K I s FPAFr 1l 13T Es ] I FI XA AT RS ArrAd cvamed
[ L I - AL L I oL L P I R L e L L L

RO R T A O LRI I B L N - LT T B DR T DN - N S T |
i4 * a3+ a7 apadd s spdd s gad g ad ST syt R
PR L LR L R e I B e D T L D B B L I B S S |
oMoy T LS T T A S T T L S L S L

- - e mow - B L RN S r A h b ok
LI A N S o T T L BT T S A T L R Y L AT B LA L S B

I e T LA T I I o R B [ I e 4 LI B

[ I T S B R sE AT A AAT T s agAE I I

I e R N T T R I I T A e e T I R e Y

Lyawss Lt Lmae L aawe s aaats o ety

s mo b -

SN

%

.I.l.ll.-.
- 1 LT B EL I T B R N R N LR R O L ]
PR T T T e I I T N T P O
CE R N o R L LI T L A N 1 e = p P =y F

FTf " 13 XFrT @ NL AT = FPAT " A ATT T A A R~ A AT
L L I e e I L L e L L e

maw Bl Y mmwsry o emoEor - = R FT & w2 r W Aamaaad i mEoEoE - e oa

R

%ﬁ

[ 2

RN

= [ U RS ERTE BTN | LI I T s m o AR uon -t RuWA "7 ammm

'..........._.n-.q......r.._.u-_.—..r....._'.__l_..-'.......n P I R T A | —_.

Sheet 7 of 13

SRR

WORKING SUBSTRATE

i

R

)

.I
ql

R

Ye

R

‘I. r
Yy

233

'l;‘_
i
*u

e

FIG. 3n

3438

PN B A 2 L
MR B

PR LT I R B PI I  B

row o

R R R N I R I |

4 L

LN L

w e r

+r-T , -

LR AR I A AR Ry |

O

FRE I S I I

e nr

S aawrs

.om

sadT

-

LRI

3T

+ " 'y

P

P S R |
Foror A
e PR - ko

oo - h e

Ao

P N B

R I e R

LI R N e

s RN RN

N |

o oa -
= T

‘..-.!..""11_..1]
A R
vl ke o

- i
4

"~ ..-
ek

n+ s = - g1

SET N AW -

T LA FFT . T FFL,

L T N

P

ooy Lk

N e R T

Lo e Yo,

. " a

BTN SR

L ]

[ I

1R FF

- -

a3 1k v kWO
CER R B ]

- e n

-

L T
44 1 F Ao F

L

B I R B B L

- amr e 4 ko

- g m =

-

T T e F T
- d 1 F F .4 &R F
PR T B R o S A T |

[ e e Lt

“rlnl.ﬂ—.'l.

L] - b koA -

s F T -

O L T T

1T [ B I L]

- nmor_

o mom LT

T
[RNTRN I

r ks’ =0

- &2 o " U |

- b b F -

L e wa" LT

CE 4 F -

O

kol popeplpdppngofelnnlplpllyplnbiplyplpd

I I R T . LT
RN :

- .

-~y a - '

T, rmam

a1 41 F -

LI N I T TR B

LP——

[ N

T e
T e
. L EF ¥+ -

rmw AT
F . a0 FF -

L L A LN MR R &

a ww wtL i

I I B PP

U T o A A
d @ F 4 - o 0w F

Lo awrdd - s -

e A

I I T R

FrLE W o

e e R L A e s

N N R

LR T R B I

o ohF o

Ty e

SRR

L'y S FT O

ow Pt o

I A N

SSEFE R, FTO

R

.ﬁ;

N

i1l
u....!..
<C
£Y"
ml........
)
LX)
i
s KD
2
_MO

=

O
P
O
Ll

Sep. 26, 2017

U.S. Patent

a.....ﬂ.-.................-.........u......_1_...-_..1.:....1__......_...__—.....u.:_..._.u_.....-.
% |._u._._ ..__LI._u.—.'-_ .._._"1_ ...._.._._ ..ll._u ...‘1-_
L e T . . e e gl _
5 LR s s e e . e
: B T I L ; - .

3

iy

[ T I T
L Cmr

TT e FET T e T T

= &, g paF S apaTrs

e a2 T kM. _ A A am kD
T TS T S A B i
T T T I BRI

B L e UL B R .
LR B 3 LA B NE o S

o I N A R I B

B I TRy R e . L

e ERNC - 1 = e s - a =4 a
R L [T T R R I R o a oA T o oA

W
a
F
o
by
*
3
A d
F
ol
L
L
3
- . |
o
ul
F i
"
3
A
'l

L ™ |

T RE RN

s r o= omoa LI B T T}

l..ln. .l.-...q.-.:l...l...:ln-. :.-.ii. .-.l.-........ll.-....

] -...u...-.... | .—_..... | .n.n..u ...-.lut..-...... [ ......lu......... JRCI I ...| T R T I A
va L b r 1o fr oA wgrr g rr s s xbr o2 ygdgedT oyt rFpTo*

R r AT g kT AR, TR, 3T RS R, WP

R T T L L L e T O e O LI T R

.y

oo - C H oA oa o

.. M- u oy

---rl =
L i e B I a R I T L ELE I I LA SR NI LPLAL PR LU B I A A I
r At P axdr Y oapdF 1+ B ET Jd 2 F T opdFrT!l 2 p g+ g prrc

R T T BN R LI I B R AL TR R T B DAL S R R

IO T A TN I I U M RO A AR T U A N D S T R IO

360
312
360
312



U.S. Paten Sep. 26, 2017 Sheet 8 of 13 US 9,770,207 B2

300p

% - . 9 L L] . L]
T T T T R T R TR T
i N T . R e T S R B T R Il T
b 'h'--r-." " ...‘ -‘-.‘ i -'l‘-h_,'|-1.‘- ! n."l'-n."-
-’ L] a’ » ] ) ] ] . n’ '. ] L} il ] - -
- e ow T vy PR s u S04 . . M
€ u 4 T > - L ] . L F -t T a . 1 L] -
I S B LI S R e B B R LR
IIl'|=_:l|-hl "._ i _ :"-' 1 a: t_\l:l'.\I|I T:_l:a"' '|'_ b | L b
. ] : Sy 1 . Sy L. o Tty o :1 B LI
. ' . ' '
- B T T R ML TR . L T
' " . om_ a L, . . L o_o. \ . . LI \ -
' L m -, = - . m -, L e, o m L iw, oa 2 . - .
1 1 - - 1 w - - Fl '] . F - . 4 . - -
- - 4 m om - e - FE— o= . - = 2T A m . . .
LI -’ r. R, TR RN | . LI T - om Lo . a -
- “‘- I-h‘.r't--"'-.a.‘-=.- '\'.'='- _\ru.l__-..%'.:_;_“-.. I T, o ;
1 a i"‘ll- l-" [ ] 11".ll.|-‘.llg"' :I':|'_.‘|-.l1l"l. LI : u LI
._: ] ] .:"‘ .'-.‘.'\-'1' _-t_b.":' L] .l.h*.':;l H] -.-'.ul * ..'-.,‘-".. ] ."-..._1. T - L] Ve ] M x
-t P Tt T i R T T T T T T T L T R A T
L AL T T R T - . S e e TRt e e et s R -
[ ] -t 1 L] - L - -t L] - . L] - | - . ke [ Y - L J n . "l [ 8 - * - L [ ] - [ ]
o I S LI T .y T L I 1 - L o -,
"--'i-'-\.“-"--'.._.".."'i.'._'||l ta . L . - T AT om . PR T a _‘.r: "-'-_
- 4 L T T . T T R S L I R T A T SR R S LI T [
' 1 " i 3 o L] . - W . b * - ‘b Ll ! '] - b - ' L] '] ' ) L]
i R N 1tk g LI T TR s LI R | |ja' LR R LI
4, ..1 L -..I-_ﬂ . -"_1'__- . - L] T l:-_-\, N 1|_1 L n ".' Ok _1- . ~'I--I . ' - + 7
r - L] LR . Y [ F ' - bl 'r * s " ' -7 o, " 7 LY . A e - .
-t . . r o . - f - ' - - . ' . .
. v, o LS . B L N LT, LRI LT S S T Vot
“ Rt \ PR I . - I I I D T P S, L
[ - L L] - - - [ 5 - 4 LY - L] 4+ LY P L] L ]
- " h ) . . . o £ 7 om, * . 1 s r TR
' * " . . . ] -
'a" :.1!- "H. L | " T -'1"r k]l ‘-':"ll L] -'1"\: L. "l L] : :'F -
R S 'a r e T ot e T L N . T .
L L] - L - L ' - y ' "
- . y - " - - o, - - . wo_oat . L e ) - v
» f - L] B
. . uu . u .

358
310 374

304
302

\\\\\x‘\ \‘\ *\ W \\
aWORt(ING SUBSTRATE \

-

FIG. 3p

3000

338

mmﬂmﬂ.mmmmmmwm.mm%m%mmmmmmmmmmmmmmmmmmmmmmmw*m b e o

| RS ' X
WOW@ S IRAE EL \ -f ggg

FIG. 39



U.S. Patent Sep. 26, 2017 Sheet 9 of 13 US 9,770,207 B2

312

- - T . HL 5 . Iy
S * x T, , -+ X : s +
L S, LN . x il Lk A= ] L e ¥ . e w -
¥ & . w, L o= ~ -~ : ; - . ; h ; \ o -
LA .-,l"'.“ o LT, LA LA . -J:-:l_. I-Il-'-':'l.. '!'.":t -1:’ ) ) .;_a.-u i b, o ___;‘ "‘JF
\ - r ) w ., - -, . ll"_. & ] . . Pkt - - P C -
= L A : ; ‘\;‘l -“‘I; L L £, . fj:l e R AT *, >,
* . : e i o PR, ' ;
I, r : "'n"_ " l."I L L ol ",,H
o Ty - Y b ) . by A S - ] n 1
% - ;hi.. L 'lii 3 %r b -rﬁl-. ks v -J;I-r .'l:"‘_ ﬁ"ﬂ ﬂl.:l
A PNy S o, % 4
it Lo, q%f Lo T, W i -y Ay ey “a
i-_i 1 . !_ﬁ- p P e, e B N; LS r. - rﬂ:] r
-ﬂi‘" b -*ﬁ" ; 'gﬁ""ﬁ I T T e A : "'!.'-'i, r:lb?. ,
i 21 = T land Ry c r A i
] ; 4 TN o Th g
- . y ma . -
o b f'.: iR T = "'_,;_ .l_; ":-"'_...
W, W— o >, L
Lhey 2y : .
. h“._ LR
h.:r'- l-:: T-|_r'. i
'.b-‘i .T"u‘- ‘t'f .
L '-.'I- F'-a'r )
e g &y ,
T - r T n
"< -~ . E !,
1":_ "ol ,
. -

SIS TTIT,

NNy

Q

- R TG R \% 209
\\}f‘ \&:;

. momwe

FIG. 3r '




US 9,770,207 B2

Sheet 10 of 13

Sep. 26, 2017

U.S. Patent

4003

FIG. 4a

4000

4020

4D

FIG

400¢

S m m m.Em = = = _=_upy-

Frrrrorrrring
Er Lt s B

e

T A T

ol

FFEEEFEFEIFFF

Pl i i o g e e ] B
FEFFFIFFry

.
I TR g g g gy

[l i ol g g

L L L L L Ll

g o o pF aF o g gt gf

2T T T T T T T

o W F aF g g

400d

4020

e e s ERRELEELLE R

i il

n
] CE el k

- -

e re

Ty,

o oo

FEFEFFrEFrEr

FEE R T

L L L L L LR

Pl oF P F N

T L L L]

L= o e

T X E I R T R LN

Ll R R

Lol g o o of o o oF oF o

o d i Addddada

e i

Faf o oF o g gt g o

I FETEETEN

FIG. 4d



U.S. Patent Sep. 26, 2017 Sheet 11 of 13 US 9,770,207 B2

000
FORM SACRIFICIAL LAYER ON WORKING SUBSTRATE »

202

FORM FIRST BIO-COMPATIBLE LAYER ON
SACRIFICIAL LAYER

FORM CONDUCTIVE PATTERN ON

FIRST BIO-COMPATIBLE LAYER

MOUNT ELECTRONIC COMPONENT TO
CONDUCTIVE PATTERN

FORM SECOND BIO-COMPATIBLE LAYER OVER
FIRST BIO-COMPATIBLE LAYER, ELECTRONIC
COMPONENT, AND CONDUCTIVE PATTERN 210

REMOVE SACRIFICIAL LAYER TO RELEASE
BIO-COMPATIBLE DEVICE
FROM WORKING SUBSTRATE

FIG. 5



U.S. Patent Sep. 26, 2017 Sheet 12 of 13 US 9,770,207 B2

600
FORM SEED LAYER OVER v
FIRST BIO-COMPATIBLE LAYER

FORM FIRST MASK OVER
| PORTION OF SEED LAYER 604

FORM FIRST METAL LAYER OVER
PORTIONS OF SEED LAYER NOT COVERED BY
FIRST MASK LAYER 006

REMOVE FIRST MASK

®),
Qo

FORM SECOND MASK OVER
FIRST METAL LAYER 610

REMOVE PORTIONS OF SEED LAYER NOT COVERED BY
FIRST METAL LAYER 612

REMOVE SECOND MASK 14

FORM THIRD MASK OVER

PORTION OF FIRST BIO-COMPATIBLE LAYER AND
PORTION OF FIRSTMETAL LAYER 616

FORM SECOND METAL LAYER OVER
PORTIONS OF FIRST BIO-COMPATIBLE LAYER AND
PORTIONS OF FIRST METAL LAYER NOT COVERED BY
THIRD MASK 618

REMOVE THIRD MASK 62

FIG. 6



US 9,770,207 B2

Sheet 13 of 13

Sep. 26, 2017

U.S. Patent

L Ol

& r L 1 -
RN IR L
+ + b+ bk e+ b b+ A+ bk hA

- -
n+ ...-._..l.r
4+ A+ ok
- -

wraty
-
T e e e

I.—..—.-.l.-._..—.la
+ F FkF+ + A+

- =
+ A+ rdF A F

L]

+ &

-

-

L N I

-
= a2 B L T L L B i T T R i A T S i T il A Y o R R T Tl T T S e R R B R R T R A T T Tl T S e e S e e T T T T T B e e I T A A A ] e e e T T T T i R A R LY R N T T T T Tl S R e R e R R T T R e I Tl R T i e e e e N R ™ i Tl T i Ty

LY

-

L) nw Ll ra LW oaom A A 2w awr 4 a2 = - = = [ 4 & [ N ) 4 2 = i =2 m a A a2 mwwr L] = L a n m k § & m k= ma R R Fa LR L L A r rF o2 i ron ras & wr = LR LI ) F ] 4 & = i r o 5k or a n [ [ = e w Ll wr u v a a & . F N = - mon L E A r = il r a = - = a LA R Fa LR
r-r.I.l d -r._-.—. d & & b .r._..-. o+ b .—..-.- ..l + &+ b F -..l = d .r.‘.—..—.l..r.‘.l -..L + -..r.—.-—. -I.r._..—. -..l = d .r.-..—. d 4 & b .—..—.-..l * F h .—.._.- ..l [ | .—..—- J.l & A+ l..r.I.—. [ .s._-.—. -..ri.—. -I.r + d 4 # d .r._..—. LI I ) .—..—- = & & b .—..—.l 4 & & b} -..l [ | -—..—.- J.l L l.—..—. [ I -I.r._..—. -:.r.—.l. d .r._..—. LI B .—..-.- ..l & F h .—..—.-..l = o A .—..—.l ..l L .L._..—. * 4 -Jl + -..r.—..—. lI.r.-..—. l..l L .r._..—. d & & rI.r._.l .I.I.r.-.- - -—..—- J.l- LI | l.I.—..—.l..l L .s._-.—. -..r * d .r.I.—. d & & -I.r._..—. l..r * d -r._-.—. -..r * h .—..—.l - & & b .—..—.- a F F A+
+

L]
[
L]

-
-
+
-
-
-
-

-
+
+*
-
+
+
T
+
-
b
+*
-
+

+ +

-+

+

+

$0Z suoionsu bulwwelbold |

4 4 & A L koA d kod o oa

=
1‘1‘11‘

0/ wnipasy buuesg |eubis

= mor omom
+ 4+ kot

*

+

+*
T
+
+
T
+
+*
+ +
- L
.I.—.
+ +
+
+ +
- L]
.1.—.
+* +
+
+ +
- 44
+ +
+ +
+ +
+ +
._.J. ._.J.
+ +*
+ +
+ +
i+! i!
+ + ++
-+ - +
+ + +
L B -+
LT 4+
-, + + .
-+ - + .
* + +*
DOME  E AN TR TRRRRRRY W TR TR R W AR R SRR TR W L T B B T T
T *
= m -
-, + +
L + .
+ + + .
Jlil. -+
d & - -—..—.
-, + +
L +
+ + +
L -
[ Y
o7 A A A
-, + +
F+ - +
+ + +
-ri. +
-.—.._.. -—.._.
+ + +
-+ - +
+ + +
LI .
d + - +
+ + +
-+ - +
+ + +
N - -
d + - +
-, + + -
-+ - + . -
* + +*
Jr.‘. -+
T T
d + - +
- + ] i E ]
4+ - +
+ + +
oty .
d + - -—..—.
-, + +
L +
+ + +
LI bl
. .
+ - -—.._. .
-, + + .
LI +, .
. » ] F
- T
d + - +
LA +*
-+ - +
.+ -
.-.1 .-.-.
+ - +
+ +
+ - +
.1.—.. .1-.
. { {
. b SMAMNS MMM  GMMMMAMAN UMMM MMMMANAN MMM ARMMMMNA GMMMMMANG MMM AMMMMIAS GMAMAMSNE AMMAMAMANS MMM MMM A MMM MAMAMNGS MMM GMMMMMANAL ABMMMAMANS MMM A
+ +
L +
+ L
b bl
- +*
+ - +
+ +
L +
T L
- .
+ +
+ - +
+ +
+ - +
-1. L
._..-. ._..-.
+ - +
+ +
+ - +
L]
._..—.
+ - +
+
+ - +
T * ._.J. m v = T s r rs T rs rd s 7d 3 s w r b b rd e ds s rs s r b b rbfl e s rs 7T rs rd s ors rd s T e rd s rd e T v b b rw d 7 L s 2 Fw T rFrT 2 " 3T e rF bl e s drd T oF T r b h wr b md s mrhd s e ry 7y ors o rd sy orw o rd T e ra r s drd el s sy o rs o by d s e s T s rws T s ord p Fre e bl rd oyl s sy el R T TR FE T R W&
+ | T
L + +
+ +
+ - iI. »
- + .
+* L]
+ - +
+ 4
L -
-.1.-. ._.J. L
- +* L] .
-+ - +
+ + 4
I.‘i. -'.-. 1
-’ ++ 1
-+ - +
+ + 4
LK -+
L} T 1
d = - -
- + 4
L +
* +* L]
Jr.‘. -+ .
d 4 - +._. 1
- + 4
L +
+ + ] .
Jr.‘. -+ .
d + - -—..—. 1 .
- + 4 )
F+ - +
.—.i -'.—. 4 .
[ ]
d + - -—.._. 1
- +* L]
F+ - +
+ + 4
-ri. +
+ - -—.._. 1
- +* L]
-+ - +
+ + 4
- -'._. 1
L +
+ 4
+ - +
+* L]
L) bl
. +.—. 1
+ 4
. +
+* L]
-+
+.—.
+
+
+
-+
.—.._.
+
+
+
b
.—.._.
+
+
L
.I.—.
+
+*
+
L]
.1.—.
+
.
+
.1‘.
+
+
+
+
.1‘.
+*
+
+
+
L
.—..—.
+
+*
+
L
.—..—.
+
+*
+
L
._..—.
+
+
-+
b
+
+
+
-+
T
&

*
i
+

-
-

=
i r +
+

T
+

-

+
[ ]
d

-

+

T
+

H
-

=
+

007 1onpotd weiboid Jainduwon

a -
i1 et + ot
+

-

*

+
+
L]
+
+
=
+*
+
T
+*
+
b
+
+
-
+
+*
-
+
+
41
+
+
T
+*
+
T
+*
+
b
+
+*
+
+
+*
-
+
+
T
+
+
T
+
+
-
+*
+
-
-
,
+
+
,
+*
+
T
+
+*
L
+
+*
L
+
+
=
+
+
T
+
+
b
+
+
-
+
+
L
+
+
T
+
+
T
+
+
-
+*

+



Us 9,770,207 B2

1

SENSOR ELECTRODES IN A
BIO-COMPATIBLE DEVICE

BACKGROUND

Unless otherwise indicated herein, the materials described
in this section are not prior art to the claims in this appli-
cation and are not admitted to be prior art by inclusion 1n this
section.

A body-mountable device may be configured to monitor
health-related information based on at least one analyte from
a user. For example, a bio-compatible device may be embed-
ded 1n a polymer to provide the body-mountable device. The
bio-compatible device includes a sensor configured to detect
the at least one analyte (e.g., glucose) 1n a fluid of a user
wearing the body-mountable device. The body-mountable
device may also be configured to monitor various other
types of health-related information.

SUMMARY

In one aspect, a method 1nvolves providing a conductive
pattern on a bio-compatible layer to provide at least one
sensor electrode. The at least one sensor electrode may
include a first conductive layer that comprises a first metal
and a second conductive layer that comprises a second
metal. The second conductive layer may be over the first
conductive layer, and the first metal may be more malleable
than the second metal. Additionally, the method 1nvolves
mounting an electronic component to the conductive pattern
to provide at least an electrochemical sensor. The electro-
chemical sensor may be configured for use 1 a body-
mountable device.

In another aspect, a sensor includes a conductive pattern
on a bio-compatible layer and an electronic component. The
conductive pattern may comprise at least one sensor elec-
trode. The at least one sensor electrode may include a first
conductive layer that comprises a first metal and a second
conductive layer that comprises a second metal. The second
conductive layer may be over the first conductive layer, and
the first metal maybe more malleable than the second metal.
Further, the sensor may be configured for use as an electro-
chemical sensor 1n a body-mountable device.

In yet another aspect, a system 1s disclosed. The system
comprises means for providing a conductive pattern on a
bio-compatible layer to provide at least one sensor electrode.
To provide the at least one sensor electrode, the system may
turther comprise means for providing a first conductive layer
and a second conductive layer, with the second conductive
layer being over the first conductive layer. The first conduc-
tive layer may comprise a first metal, and the second
conductive layer may comprise a second metal. The first
metal may be more malleable than the second metal. The
system may also include means for mounting an electronic
component to the conductive pattern to provide at least an
clectrochemical sensor configured for use 1n a body-mount-
able device.

These as well as other aspects, advantages, and alterna-
tives, will become apparent to those of ordinary skill in the
art by reading the following detailed description, with ret-
erence where appropriate to the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a block diagram of a system with an eye-
mountable device 1n wireless communication with an exter-
nal reader, according to an example embodiment.
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2

FIG. 2a 1s a top view ol an eye-mountable device,
according to an example embodiment.

FIG. 2b 1s a side view of an eye-mountable device,
according to an example embodiment.

FIG. 2c¢ 15 a side cross-section view of the eye-mountable
device of FIG. 2a while mounted to a corneal surface of the
eye, according to an example embodiment.

FIG. 2d 1s a side cross-section view showing the tear film
layers surrounding the surfaces of the eye-mountable device
mounted as shown in FIG. 2¢, according to an example
embodiment.

FIGS. 3a-r show stages of fabricating a bio-compatible
device, according to an example embodiment.

FIGS. 4a-d shows example cross-sections of a sensor
clectrode, according to an example embodiment.

FIG. 5 1s a flow chart illustrating a method for fabricating
a bio-compatible device, according to an example embodi-
ment.

FIG. 6 1s a flow chart illustrating a method for forming a
conductive pattern, according to an example embodiment.

FIG. 7 depicts a computer-readable medium configured
according to an example embodiment.

DETAILED DESCRIPTION

The following detailed description describes various fea-
tures and functions of the disclosed methods and systems
with reference to the accompanying figures. In the figures,
similar symbols typically identity similar components,
unless context dictates otherwise. The illustrative method
and system embodiments described herein are not meant to
be limiting. It will be readily understood that certain aspects
of the disclosed methods and systems can be arranged and
combined in a wide variety of different configurations, all of
which are contemplated herein.

I. Introduction

A bio-compatible device may include a first bio-compat-
ible layer, a conductive pattern on the first bio-compatible
layer, an electronic component mounted to the conductive
pattern, and a second bio-compatible layer over the first
bio-compatible layer, the electronic component, and the
conductive pattern.

A portion of the conductive pattern may provide at least
one sensor electrode. The at least one sensor electrode may
be connected to an electrical component to form at least an
clectrochemical sensor. The at least one sensor electrode
may include a first conductive layer that comprises a first
metal and a second conductive layer that comprises a second
metal. The second conductive layer, which may be over the
first conductive layer, may provide a surface for a reduction
reaction or an oxidation reaction. Based on the application,
however, the second metal may be susceptible to cracking
during fabrication of the bio-compatible device, which may
impact the functionality of the electrochemical sensor. For
instance, cracks in the second conductive layer may not
provide a continuous electrical pathway from the at least one
sensor electrode to the electronic component.

Beneficially, embodiments described herein may improve
the performance of the electrochemical sensor by providing
a substantially continuous electrical pathway between the
clectronic component and the at least one sensor electrode.
The first metal may be more malleable than the second
metal. In this manner, the first conductive layer may be less
susceptible to cracking during the fabrication of the bio-
compatible device, thereby providing a substantially con-
tinuous pathway between the electronic component and the
at least one sensor electrodes.
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Example Systems and Devices

An example body-mountable device that comprises an
eye-mountable device that 1s configured to detect at least one
analyte 1n a tear film of a user wearing the eye-mountable
device will now be described 1n greater detail.

FIG. 1 1s a block diagram of a system 100 that includes
an eye-mountable device 110 1n wireless communication
with an external reader 120. The eye-mountable device 110
may be a polymeric material that may be appropriately
shaped for mounting to a corneal surface and in which a
structure 1s at least partially embedded. The structure may
include a power supply 140, a controller 150, bio-interactive
electronics 160, and an antenna 170.

In some embodiments, the structure may be a bio-com-
patible device in which some or all of the components
formed or mounted thereon are encapsulated by a bio-
compatible material.

In some example embodiments, the structure may be
positioned away from the center of the eve-mountable
device 110 and thereby avoid interference with light trans-
mission to the central, light-sensitive region of the eye. For
example, where the eye-mountable device 110 1s shaped as
a curved disk, the structure may be embedded around the
periphery (e.g., near the outer circumierence) of the disk. In
other example embodiments, the structure may be posi-
tioned 1n or near the central region of the eve-mountable
device 110. For example, portions of the structure may be
substantially transparent to incoming visible light to muiti-
gate interference with light transmission to the eye. More-
over, 1n some embodiments, the bio-interactive electronics
160 may include a pixel array 164 that emits and/or trans-
mits light to be received by the eye according to display
instructions. Thus, the bio-interactive electronics 160 may
optionally be positioned 1n the center of the eye-mountable
device so as to generate visual cues percervable to a wearer
of the eye-mountable device 110, such as displaying infor-
mation (e.g., characters, symbols, flashing patterns, etc.) on
the pixel array 164.

The power supply 140 1s configured to harvest ambient
energy to power the controller 150 and bio-interactive
clectronics 160, and may include an energy harvesting
antenna 142 and/or solar cells 144. The energy harvesting
antenna 142 may capture energy from incident radio radia-
tion. The solar cells 144 may comprise photovoltaic cells
configured to capture energy from incoming ultraviolet,
visible, and/or infrared radiation.

A rectifier/regulator 146 may be used to condition the
captured energy to a stable DC supply voltage 141 at a level
suitable for operating the controller, and then supply the
voltage to the controller 150. The rectifier/regulator 146 may
include one or more energy storage devices to mitigate high
frequency variations in the energy harvesting antenna 142
and/or solar cell(s) 144. For example, one or more energy
storage devices (e.g., a capacitor or an mductor) may be
connected 1n parallel across the outputs of the rectifier/
regulator 146 to regulate the DC supply voltage 141 and may
be configured to function as a low-pass filter.

The controller 150 1s configured to execute instructions to
operate the bio-interactive electronics 160 and the antenna
170. The controller 150 1ncludes logic circuitry configured
to operate the bio-interactive electronics 160 so as to interact
with a biological environment of the eye-mountable device
110. The interaction could 1mnvolve the use of one or more
components, such an analyte bio-sensor 162 in the bio-
interactive electronics 160, to obtain mput from the biologi-
cal environment. Additionally or alternatively, the interac-

11.

10

15

20

25

30

35

40

45

50

55

60

65

4

tion could mvolve the use of one or more components, such
as a pixel array 164, to provide an output to the biological
environment.

In one example, the controller 150 includes a sensor
interface module 1352 that 1s configured to operate the
analyte bio-sensor 162. The analyte bio-sensor 162 may be,
for example, an amperometric electrochemical sensor that
includes a working electrode and a reference electrode
driven by a sensor interface. A voltage 1s applied between
the working and reference electrodes to cause an analyte to
undergo an electrochemical reaction (e.g., a reduction and/or
oxidation reaction) at the working electrode. The electro-
chemical reaction generates an amperometric current that
can be measured through the working electrode. The
amperometric current can be dependent on the analyte
concentration. Thus, the amount of the amperometric current
that 1s measured through the working electrode can provide
an 1ndication of analyte concentration. In some embodi-
ments, the sensor iterface module 152 can be a potentiostat
configured to apply a voltage difference between working
and reference electrodes while measuring a current through
the working electrode.

In some instances, a reagent may also be included to
sensitize the electrochemical sensor to one or more desired
analytes. For example, a layer of glucose oxidase (“GOX”)
proximal to the working electrode can catalyze glucose
oxidation to generate hydrogen peroxide (H,O,). The hydro-
gen peroxide can then be electro-oxidized at the working
clectrode, which releases electrons to the working electrode,
resulting 1n an amperometric current that can be measured
through the working electrode.

GOX
glucose + O,— H> O, + gluconolactone

H,O, - 2ZH++0, + 2e —

The current generated by eirther reduction or oxidation
reactions 1s approximately proportionate to the reaction rate.
Further, the reaction rate 1s dependent on the rate of analyte
molecules reaching the electrochemical sensor electrodes to
tuel the reduction or oxidation reactions, either directly or
catalytically through a reagent. In a steady state, where
analyte molecules diffuse to the electrochemical sensor
clectrodes from a sampled region at approximately the same
rate that additional analyte molecules diffuse to the sampled
region from surrounding regions, the reaction rate 1s
approximately proportionate to the concentration of the
analyte molecules. The current measured through the work-
ing electrode thus provides an indication of the analyte
concentration.

The controller 150 may also mclude a display driver
module 154 for operating a pixel array 164. The pixel array
164 1s an array of separately programmable light transmit-
ting, light reflecting, and/or light emitting pixels arranged in
rows and columns. The individual pixel circuits can option-
ally include liquid crystal technologies, microelectrome-
chanical technologies, emissive diode technologies, etc. to
selectively transmuit, reflect, and/or emit light according to
information from the display driver module 154. Such a
pixel array 164 may also include more than one color of
pixels (e.g., red, green, and blue pixels) to render visual
content 1n color. The display driver module 154 can include,
for example, one or more data lines providing programming
information to the separately programmed pixels 1n the pixel
array 164 and one or more addressing lines for setting
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groups ol pixels to receive such programming information.
Such a pixel array 164 situated on the eye can also include
one or more lenses to direct light from the pixel array to a
focal plane perceivable by the eye.

The controller 150 may also 1nclude a commumnication
circuit 156 for sending and/or receiving information via the
antenna 170. The communication circuit 156 may include
one or more oscillators, mixers, frequency injectors, or the
like to modulate and/or demodulate information on a carrier
frequency to be transmitted and/or received by the antenna
170. In some example embodiments, the eye-mountable
device 110 1s configured to indicate an output from a
bio-sensor by modulating an impedance of the antenna 170
in a manner that 1s perceivable by the external reader 120.
For example, the communication circuit 156 can cause
variations 1n the amplitude, phase, and/or frequency of
backscatter radiation from the antenna 170, and such varia-
tions may then be detected by the reader 120.

The controller 150 1s connected to the bio-interactive
clectronics 160 via interconnects 151. Similarly, the con-
troller 150 1s connected to the antenna 170 via interconnects
157. The interconnects 151, 157 may comprise a patterned
conductive material (e.g., gold, platinum, palladium, tita-
nium, copper, aluminum, silver, metals, any combinations of
these, etc.).

It 1s noted that the block diagram shown in FIG. 1 1s
described 1n connection with functional modules for conve-
nience in description. However, embodiments of the eye-
mountable device 110 can be arranged with one or more of
the functional modules (“sub-systems”) implemented 1n a
single chip, integrated circuit, and/or physical component.

Additionally or alternatively, the energy harvesting
antenna 142 and the antenna 170 can be implemented 1n the
same, dual-purpose antenna. For example, a loop antenna
can both harvest incident radiation for power generation and
communicate information via backscatter radiation.

The external reader 120 includes an antenna 128 (or group
of more than one antennae) to send and receive wireless
signals 171 to and from the eye-mountable device 110. The
external reader 120 also includes a computing system with
a processor 126 1n communication with a memory 122. The
memory 122 1s a non-transitory computer-readable medium
that can include, without limitation, magnetic disks, optical
disks, organic memory, and/or any other volatile (e.g.,
RAM) or non-volatile (e.g., ROM) storage system readable
by the processor 126. The memory 122 includes a data
storage 123 to store indications of data, such as sensor
readings (e.g., from the analyte bio-sensor 162), program
settings (e.g., to adjust behavior of the eye-mountable device
110 and/or external reader 120), etc. The memory 122 also
includes program instructions 124 for execution by the
processor 126. For example, the program instructions 124
may cause the external reader 120 to provide a user interface
that allows for retrieving information communicated from
the eye-mountable device 110 (e.g., sensor outputs from the
analyte bio-sensor 162). The external reader 120 may also
include one or more hardware components for operating the
antenna 128 to send and receive the wireless signals 171 to
and from the eye-mountable device 110. For example,
oscillators, frequency injectors, encoders, decoders, ampli-
fiers, and filters can drnive the antenna 128 according to
instructions from the processor 126.

The external reader 120 may be a smart phone, digital
assistant, or other portable computing device with wireless
connectivity suflicient to provide the wireless communica-
tion link 171. The external reader 120 may also be 1mple-
mented as an antenna module that can be plugged 1n to a
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portable computing device, such as in an example where the
communication link 171 operates at carrier frequencies not
commonly employed 1n portable computing devices. In
some 1nstances, the external reader 120 1s a special-purpose
device configured to be worn relatively near a wearer’s eye
to allow the wireless communication link 171 to operate
using little or low power. For example, the external reader
120 can be integrated in a piece of jewelry such as a
necklace, earing, etc. or integrated 1n an article of clothing
worn near the head, such as a hat, headband, etc.

In an example where the eye-mountable device 110
includes an analyte bio-sensor 162, the system 100 can be
operated to monitor the analyte concentration in tear film on
the surface of the eye. To perform a reading with the system
100 configured as a tear film analyte monitor, the external
reader 120 can emit radio frequency radiation 171 that 1s
harvested to power the eye-mountable device 110 via the
power supply 140. Radio frequency electrical signals cap-
tured by the energy harvesting antenna 142 (and/or the
antenna 170) are rectified and/or regulated in the rectifier/
regulator 146 and a regulated DC supply voltage 141 1s
provided to the controller 150. The radio frequency radiation
171 thus turns on the electronic components within the
eye-mountable device 110. Once turned on, the controller
150 operates the analyte bio-sensor 162 to measure an
analyte concentration level. For example, the sensor inter-
face module 152 can apply a voltage between a working
clectrode and a reference electrode 1n the analyte bio-sensor
162. The applied voltage can be suflicient to cause the
analyte to undergo an electrochemical reaction at the work-
ing electrode and thereby generate an amperometric current
that can be measured through the working electrode. The
measured amperometric current can provide the sensor
reading (“result”) indicative of the analyte concentration.
The controller 150 can operate the antenna 170 to commu-
nicate the sensor reading back to the external reader 120
(e.g., via the communication circuit 156).

In some embodiments, the system 100 can operate to
non-continuously (“intermittently”) supply energy to the
eye-mountable device 110 to power the controller 150 and
clectronics 160. For example, radio frequency radiation 171
can be supplied to power the eye-mountable device 110 long
enough to carry out a tear film analyte concentration mea-
surement and communicate the results. For example, the
supplied radio frequency radiation can provide suilicient
power to apply a potential between a working electrode and
a reference electrode suflicient to induce electrochemical
reactions at the working electrode, measure the resulting
amperometric current, and modulate the antenna impedance
to adjust the backscatter radiation 1n a manner indicative of
the measured amperometric current. In such an example, the
supplied radio frequency radiation 171 can be considered an
interrogation signal from the external reader 120 to the
eye-mountable device 110 to request a measurement. By
periodically interrogating the eye-mountable device 110
(e.g., by supplying radio frequency radiation 171 to tempo-
rarily turn the device on) and storing the sensor results (e.g.,
via the data storage 123), the external reader 120 can
accumulate a set of analyte concentration measurements
over time without continuously powering the eye-mountable
device 110.

FIG. 2a 1s a top view of an eye-mountable device 210.
FIG. 2b 1s side view of the eye-mountable device 210. It 1s
noted that relative dimensions in FIGS. 2q and 26 are not
necessarily to scale, but have been rendered for purposes of
explanation only 1n describing the arrangement of the eye-
mountable device 210.
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The eye-mountable device 210 may include a polymeric
material 220, which may be a substantially transparent
material to allow incident light to be transmitted to the eye.
The polymeric material 220 may include one or more
bio-compatible materials similar to those employed to form
vision correction and/or cosmetic contact lenses 1 optom-
etry, such as polyethylene terephthalate (“PET”), polym-
cthyl methacrylate (“PMMA”), polyhydroxyethylmethacry-
late (*“polyHEMA™), silicone hydrogels, or any
combinations of these. Other polymeric materials may also
be envisioned. The polymeric material 220 may include
materials configured to moisturize the corneal surface, such
as hydrogels and the like. In some embodiments, the poly-
meric material 220 1s a deformable (“non-rigid”) material to
enhance wearer comiort.

To facilitate contact-mounting, the eye-mountable device
210 may comprise a concave surface 226 configured to
adhere (“mount”) to a moistened corneal surface (e.g., by
capillary forces with a tear film coating the corneal surface).
While mounted with the concave surface against the eye, a
convex surface 224 of eye-mountable device 210 1s formed
so as not to interfere with eye-lid motion while the eye-
mountable device 210 1s mounted to the eye. A circular outer

side edge 228 connects the concave surface 224 and the
convex surface 226. The convex surface 224 can therefore
be considered an outer, top surface of the eve-mountable
device 210 whereas the concave surface 226 can be consid-
ered an inner, bottom surtace. The “top” view shown 1n FIG.
2a 1s facing the convex surface 224.

The eye-mountable device 210 can have dimensions
similar to a vision correction and/or cosmetic contact lenses,
such as a diameter of approximately 1 centimeter, and a
thickness of about 0.1 to about 0.5 millimeters. However, the
diameter and thickness values are provided for explanatory
purposes only. In some embodiments, the dimensions of the
eye-mountable device 210 may be selected according to the
s1ze and/or shape of the corneal surface and/or the scleral
surface of the wearer’s eye. In some embodiments, the
eye-mountable device 210 1s shaped to provide a predeter-
mined, vision-correcting optical power, such as provided by
a prescription contact lens.

A structure 230 1s embedded in the eye-mountable device
210. The structure 230 can be embedded to be situated near
or along an outer periphery 222, away from a central region
221. Such a position ensures that the structure 230 will not
interfere with a wearer’s vision when the eye-mountable
device 210 1s mounted on a wearer’s eye, because 1t 1s
positioned away from the central region 221 where 1ncident
light 1s transmitted to the light-sensing portions of the eye.
Moreover, portions of the structure 230 can be formed of a
transparent material to further mitigate effects on visual
perception.

The structure 230 may be shaped as a flat, circular ring
(e.g., a disk with a centered hole). The flat surface of the
structure 230 (e.g., along the radial width) allows for mount-
ing electronics such as chips (e.g., via flip-chip mounting)
and for patterning conductive materials to form electrodes,
antenna(e), and/or mterconnections. The structure 230 and
the polymeric material 220 may be approximately cylindri-
cally symmetric about a common central axis. The structure
230 may have, for example, a diameter of about 10 muilli-
meters, a radial width of about 1 millimeter (e.g., an outer
radius 1 millimeter greater than an inner radius), and a
thickness of about 50 micrometers. These dimensions are
provided for example purposes only, and 1n no way limit this
disclosure.
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A loop antenna 270, controller 250, and bio-interactive
clectronics 260 are included in the structure 230. The
controller 250 may be a chip including logic elements
configured to operate the bio-interactive electronics 260 and
the loop antenna 270. The controller 250 1s electrically
connected to the loop antenna 270 by interconnects 257 also
situated on the structure 230. Similarly, the controller 250 1s
clectrically connected to the bio-interactive electronics 260
by an interconnect 251. The interconnects 251, 257, the loop
antenna 270, and any conductive electrodes (e.g., for an
clectrochemical analyte bio-sensor, etc.) may be formed
from any type of conductive material and may be patterned
by any process that can be used for patterning such mate-
rials, such as deposition or photolithography, for example.
The conductive materials patterned on the structure 230 may
be, for example, gold, platinum, palladium, titanium, car-
bon, aluminum, copper, silver, silver-chloride, conductors
formed from noble materials, metals, or any combinations of
these materials. Other materials may also be envisioned.

The structure 230 may be a bio-compatible device 1n
which some or all of the components are encapsulated by a
bio-compatible material. In one example, the controller 250,
interconnects 251, 257, bio-interactive electronics 260, and
the loop antenna 270 are fully encapsulated by bio-compat-
ible material, except for the sensor electrodes in the bio-
interactive electronics 260.

As shown 1in FIG. 2a, the bio-interactive electronics
module 260 1s on a side of the structure 230 facing the
convex surface 224. Where the bio-interactive electronics
module 260 includes an analyte bio-sensor, for example,
mounting such a bio-sensor on the structure 230 to be close
to the convex surface 224 allows the bio-sensor to sense
analyte that has diffused through convex surface 224 or has
reached the bio-sensor through a channel 1n the convex
surface 224 (FIGS. 2¢ and 2d show a channel 272).

The loop antenna 270 1s a layer of conductive material
patterned along the flat surface of the structure 230 to form
a flat conductive ring. In some example embodiments, the
loop antenna 270 does not form a complete loop. For
example, the loop antenna 270 may include a cutout to allow
room for the controller 250 and bio-interactive electronics
260, as 1llustrated 1n FIG. 2a. However, 1n another example
embodiment, the loop antenna 270 can be arranged as a
continuous strip of conductive material that wraps entirely
around the structure 230 one or more times. Interconnects
between the ends of such a wound antenna (e.g., the antenna
leads) can connect to the controller 250 1n the structure 230.
In some embodiments, the loop antenna can include a
plurality of conductive loops spaced apart from each other,
such as three conductive loops, five conductive loops, nine
conductive loops, etc. With such an arrangement, the poly-
meric material 220 may extend between adjacent conductive
loops 1n the plurality of conductive loops.

FIG. 2¢ 1s a side cross-section view of the eye-mountable
clectronic device 210 mounted to a corneal surface 284 of an
cye 280. FIG. 24 1s an enlarged partial view of the cross-
section of the eye-mountable device shown 1n FIG. 2¢. It 1s
noted that relative dimensions in FIGS. 2¢ and 2d are not
necessarily to scale, but have been rendered for purposes of
explanation only 1n describing the arrangement of the eye-
mountable device 210. Some aspects are exaggerated to
allow for 1illustration and to facilitate explanation.

The eye 280 includes a cornea 282 that 1s covered by
bringing an upper eyelid 286 and a lower eyelid 288 together
over the surface of the eye 280. Incident light 1s recerved by
the eye 280 through the cornea 282, where light 1s optically
directed to light sensing elements of the eye 280 to stimulate
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visual perception. The motion of the upper and lower eyelids
286, 288 distributes a tear film across the exposed corneal
surface 284 of the eye 280. The tear film 1s an aqueous
solution secreted by the lacrimal gland to protect and
lubricate the eye 280. When the eye-mountable device 210
1s mounted in the eye 280, the tear film coats both the
concave and convex surfaces 224, 226, providing an inner
layer 290 (along the concave surface 226) and an outer layer
292 (along the convex surface 224). The mner layer 290 on
the corneal surface 284 also facilitates mounting the eye-
mountable device 210 by capillary forces between the
concave surface 226 and the corneal surface 284. In some
embodiments, the eye-mountable device 210 can also be
held over the eye 280 1n part by vacuum forces against the
corneal surface 284 due to the curvature of the concave
surface 226. The tear film layers 290, 292 may be about 10
micrometers 1 thickness and together account for about 10
microliters of fluid.

The tear film 1s 1n contact with the blood supply through
capillaries 1n the structure of the eye and includes many
biomarkers found in blood that are analyzed to diagnose
health states of an individual. For example, tear film
includes glucose, calcium, sodium, cholesterol, potassium,
other biomarkers, etc. The biomarker concentrations in tear
film can be systematically different than the corresponding
concentrations of the biomarkers in the blood, but a rela-
tionship between the two concentration levels can be estab-
lished to map tear film biomarker concentration values to
blood concentration levels. For example, the tear film con-
centration of glucose can be established (e.g., empirically
determined) to be approximately one tenth the correspond-
ing blood glucose concentration. Although another ratio
relationship and/or a non-ratio relationship may be used.
Thus, measuring tear film analyte concentration levels pro-
vides a non-invasive technique for monitoring biomarker
levels 1n comparison to blood sampling techmiques per-
formed by lancing a volume of blood to be analyzed outside
a person’s body.

As shown 1n the cross-sectional views 1n FIGS. 2¢ and 24,
the structure 230 can be inclined so as to be approximately
parallel to the adjacent portion of the convex surface 224. As
described above, the structure 230 1s a flattened ring with an
inward-tfacing surface 232 (closer to the concave surface 226
of the polymeric material 220) and an outward-facing sur-
face 234 (closer to the convex surface 224). The structure
230 can include electronic components and/or patterned
conductive materials adjacent to either or both surfaces 232,
234.

As shown 1n FIG. 2d, the bio-interactive electronics 260,
the controller 250, and the conductive interconnect 251 are
located between the outward-facing surface 234 and the
inward-facing surface 632 such that the bio-interactive elec-
tronics 260 are facing the convex surface 224. With this
arrangement, the bio-interactive electronics 260 can receive
analyte concentrations in the tear film 292 through the
channel 272. However, in other examples, the bio-interac-
tive electronics 260 may be mounted on the inward-facing
surface 232 of the structure 230 such that the bio-interactive
clectronics 260 are facing the concave surface 226.

While the body-mountable device has been described as
comprising the eye-mountable device 110 and/or the eye-
mountable device 210, the body-mountable device could
comprise other mountable devices that are mounted on or 1n
other portions of the human body.

For example, 1n some embodiments, the body-mountable
device may comprise a tooth-mountable device. In some
embodiments, the tooth-mountable device may take the
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form of or be similar 1n form to the eye-mountable device
110 and/or the eye-mountable device 210. For instance, the
tooth-mountable device could include a polymeric material
that 1s the same as or similar to any of the polymeric
materials described herein and a structure that 1s the same as
or similar to any of the structures described herein. With
such an arrangement, the tooth-mountable device may be
configured to detect at least one analyte 1 a fluid (e.g.,
saliva) of a user wearing the tooth-mountable device.

Moreover, 1 some embodiments, the body-mountable
device may comprise a skin-mountable device. In some
embodiments, the skin-mountable device may take the form
of or be similar in form to the eye-mountable device 110
and/or the eye-mountable device 210. For instance, the
skin-mountable device could include a polymeric material
that 1s the same as or similar to any of the polymeric
materials described herein and a structure that 1s the same as
or similar to any of the structures described herein. With
such an arrangement, the skin-mountable device may be
configured to detect at least one analyte 1 a fluid (e.g.,
perspiration, blood, etc.) of a user wearing the skin-mount-
able device.

Further, some embodiments may include privacy controls
which may be automatically implemented or controlled by
the wearer of a body-mountable device. For example, where
a wearer’s collected physiological parameter data and health
state data are uploaded to a cloud computing network for
trend analysis by a clinician, the data may be treated 1n one
or more ways before 1t 1s stored or used, so that personally
identifiable information i1s removed. For example, a user’s
identity may be treated so that no personally identifiable
information can be determined for the user, or a user’s
geographic location may be generalized where location
information 1s obtained (such as to a city, ZIP code, or state
level), so that a particular location of a user cannot be
determined.

Additionally or alternatively, wearers of a body-mount-
able device may be provided with an opportunity to control
whether or how the device collects information about the
wearer (e.g., information about a user’s medical history,
social actions or activities, profession, a user’s preferences,
or a user’s current location), or to control how such infor-
mation may be used. Thus, the wearer may have control over
how information 1s collected about him or her and used by
a clinician or physician or other user of the data. For
example, a wearer may elect that data, such as health state
and physiological parameters, collected from his or her
device may only be used for generating an individual
baseline and recommendations in response to collection and
comparison of his or her own data and may not be used 1n
generating a population baseline or for use in population
correlation studies.

III. Example Methods

FIGS. 3a-r 1llustrate stages 1n a process for fabricating a
bio-compatible device, such as a bio-compatible device 3007
shown 1n FI1G. 3r. The 1llustrations shown 1n FIGS. 3a-r are
generally shown 1n cross-sectional views to 1illustrate
sequentially formed layers developed to create the bio-
compatible device. The layers can be developed by micro-
fabrication and/or manufacturing techniques such as, for
example, electroplating, photolithography, deposition, and/
or evaporation fabrication processes and the like. The vari-
ous materials may be formed according to patterns using
photoresists and/or masks to pattern materials in particular
arrangements, such as to form wires, electrodes, electrical
contacts, etc. Additionally, electroplating techniques may
also be employed to coat an arrangement of electrodes with
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a metallic plating. For example, an arrangement of conduc-
tive material formed by a deposition and/or photolithogra-
phy process can be plated with a metallic matenal to create
a conductive structure with a desired thickness. However,
the dimensions, including relative thicknesses and widths, of
the various layers illustrated and described in connection
with FIGS. 3a-7 to create a bio-compatible device are not
illustrated to scale. Instead, the drawings in FIGS. 3a-r
schematically illustrate the ordering of the various layers for
purposes ol explanation only.

FI1G. 3a 1llustrates a working substrate 302 with a sacri-
ficial layer 304 formed on the working substrate 302 to
provide a partially-fabricated device 300a. The sacrificial
layer 304 may have a surface 308.

The working substrate 302 may be any flat surface on
which the layers of the encapsulated electronics structure
can be assembled. For example, the working substrate 302
may be a water (e.g., a silicon watfer) similar to those used
in the fabrication of semiconductor devices and/or micro-
clectronics.

The sacrificial layer 304 could take various diflerent
forms 1n various diflerent embodiments. Example sacrificial
layers that may be formed on the working substrate 302 are
described with reference to FIGS. 4-9.

In some embodiments, the sacrificial layer 304 may
adhere to the working substrate 302. Moreover, 1n some
embodiments, a bio-compatible layer formed on the sacri-
ficial layer 304 may adhere to the sacrificial layer 304.

Moreover, the working substrate 302 may be cleaned
before forming the sacrificial layer 304. The working sub-
strate 302 may be cleaned 1n a variety of ways. For example,
the working substrate 302 may be cleaned by soaking 1n a
first fluid, rinsing with a second tluid, and drying with a gas.
In some embodiments, the first fluid may include a solvent,
such as acetone. Moreover, 1n some embodiments, the
second fluid may include 1sopropyl alcohol (IPA). Further, 1n
some embodiments, the gas may include nitrogen. All of the
rinsing described herein may be performed in a variety
ways, such as soaking 1 a bath i a tank, an automated
spray, manually via a squirt bottle, etc.

Further, the working substrate 302 may be baked before
tforming the sacrificial layer 304. The working substrate 302
may be baked 1n a variety of ways. For example, the working
substrate 302 may be baked at a temperature for a time
period. In some embodiments, the temperature may be 90°
Celstus (C). Moreover, 1n some embodiments, the time
period may be 2 minutes.

Further still, the working substrate 302 may be plasma
cleaned before forming the sacrificial layer 304. The work-
ing substrate 302 may be plasma cleaned in a variety of
ways. For example, the working substrate 302 may be
plasma cleaned at a power for a time period. In some
embodiments, the power may be high. Moreover, in some
embodiments, the time period may be 5 minutes.

As shown 1 FIG. 35, a first bio-compatible layer 310 1s
formed on the sacrificial layer 304 to provide a partially-
tabricated device 30056. The first bio-compatible layer 310
may be formed on the sacrificial layer 304, such that the first
bio-compatible layer 310 adheres to the sacrificial layer 304.
The first bio-compatible layer 310 defines a first side 312 of
a bio-compatible device. That 1s, the first bio-compatible
layer 310 defines an outer edge of the bio-compatible device.

The first bio-compatible layer 310 may include a variety
of matenals. For example, the first bio-compatible layer 310
may include a polymeric material such as SCS parylene-C
(e.g., dichlorodi-p-xylylene), a polyethylene terephthalate
(PET), a polydimethysiloxane (PDMS), other silicone elas-
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tomers, and/or another bio-compatible polymeric matenal.
The term “bio-compatibility,” as used in this disclosure,
refers generally to the ability of a material or device to
co-exist with a biological host. Bio-compatible matenals are
generally those that do not bring about a host response (such
as an immune response) that results 1n deleterious eflects to
either the biological host or the material. In addition to being
bio-compatible, the first bio-compatible layer 310 may be an
clectrically msulating material to 1solate encapsulated elec-
tronics from the surrounding environment (e.g., from cur-
rent-carrying particles and/or fluids).

Moreover, the first bio-compatible layer 310 may have a
variety of thicknesses. For example, the first bio-compatible
layer 310 may have a thickness between 5 to 50 microm-
eters, such as 15 micrometers. Other thicknesses of the first
bio-compatible layer 310 are possible as well.

In an example, the first bio-compatible layer 310 may be
formed by a microfabrication process such as chemical
vapor deposition, and provides a surface on which various
components can be formed. The first bio-compatible layer
310 may be deposited onto the sacrificial layer 304 with a
substantially uniform thickness such that a surface of the
first bio-compatible layer 310 opposite the working substrate
302 forms a flat surface. In addition, the first bio-compatible
layer 310 may have suflicient structural rigidity to be used
as a substrate for assembling various components. In some
embodiments, the first bio-compatible layer 310 may be a
conformal coat.

In an example, equipment that forms the first bio-com-
patible layer 310 may be preheated for 1 hour before
forming the first bio-compatible layer 310. Moreover, 1n an
example, 35 grams of a polymeric material may be used to
form the first bio-compatible layer 310.

Moreover, an adhesion promoter may be applied to a
surface of the sacrificial layer 304 before the first bio-
compatible layer 310 1s formed. With such an arrangement,
adhesion of the first bio-compatible layer 310 to the sacri-
ficial layer 304 may be improved. For example, an adhesion
promoter may be applied to the surface 308 of the sacrificial
layer 304.

In some embodiments, the adhesion promoter may com-
prise 3-methacrvloyloxypropyltrimethoxysilane. And 1n
such embodiments, the adhesion promoter may be Al74
sold by Specialty Coating Systems and/or Sigma Aldrich.
Moreover, 1 some embodiments, the adhesion promoter
may comprise hexamethyldisilazane (HDMS). Other adhe-
sion promoters are possible as well.

The adhesion promoter may be applied in a vanety of
ways. For example, the adhesion promoter may be applied
by spin coating at a rate, baking at a temperature for a first
time period, rinsing with a fluid, and baking at the tempera-
ture for a second time period. In some embodiments, the rate
may be 3000 rotations per minute (rpm). And in such
embodiments, applying the adhesion promoter by spin coat-
ing may involve accelerating and/or decelerating the par-
tially-fabricated device 300a at a rate between 100 to 3000
rpm per second, such as 1000 to 1500 rpm per second.
Moreover, in some embodiments, the temperature may be
90° C. Further, in some embodiments, the first time period
may be 2 minutes. Further still, 1n some embodiments, the
fluid may include IPA. And, 1n some embodiments, the
second time period may be 1 minute.

In another example, the adhesion promoter may be
applied by soaking the partially-fabricated device 300q 1n a
mixture including the adhesion promoter for a first time
period, air drying on a towel for a second time period,
rinsing with one or more fluids, and drying with a gas. In
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some embodiments, the mixture may comprise 100 parts
deionmized water (DI water), 100 parts IPA, and 1 part the
adhesion promoter. Moreover, in some embodiments, the
mixture may settle for 2 hours before soaking the partially-
fabricated device 300a in the mixture. Further, in some
embodiments, the first time period may be 30 minutes.
Moreover, in some embodiments, the second time period
may be 30 minutes. Further, in some embodiments, the one
or more fluids may include IPA and DI water. And, 1n some
embodiments, the gas may include nitrogen. In such an
example, soaking the partially-fabricated device 300q 1n a
mixture including the adhesion promoter for the first time
period, air drying on a towel for the second time period,
rinsing with one or more fluids, and/or drying with the gas
may occur at room temperature. Moreover, in such an
example, applying the adhesion promoter may further
involve baking the partially-fabricated device 300a at a
temperature for a time period. In some embodiments, the
temperature may be 90° C. Moreover, in some embodi-
ments, the time period may be 2 minutes.

Moreover, the partially-fabricated device 300a may be
cleaned before applying the adhesion promoter to a surface
of the sacnficial layer 304. The partially-fabricated device
300a may be cleaned 1n a variety of ways. For example, the
partially-fabricated device 300a may be cleaned by rinsing
in a fluid, drying with a gas, and baking at a temperature for
a time period. In some embodiments, the fluid may include
IPA. Moreover, 1n some embodiments, the gas may include
nitrogen. Further, in some embodiments, the temperature
may be 90° C. Further still, in some embodiments, the time
period may be 2 minutes.

Further, the partially-fabricated device 300a may be
plasma cleaned betfore applying the adhesion promoter to a
surface of the sacrificial layer 304. The partially-fabricated
device 300a may be plasma cleaned 1n a variety of ways. For
example, the partially-fabricated device 300a may be
plasma cleaned at a power for a time period. In some
embodiments, the power may be high. Moreover, in some
embodiments, the time period may be 5 minutes.

Moreover, a surface of the sacrificial layer 304 may be
treated, such that the first bio-compatible layer 310 bonds to
the treated surface during formation of the first bio-compat-
ible layer 310. For example, the surface 308 of the sacrificial
layer 304 may be treated, such that the first bio-compatible
layer 310 bonds to the treated surface during formation of
the first bio-compatible layer 310. With this arrangement,
the surface 308 may be roughened, such that adhesion of the
first bio-compatible layer 310 to the sacrificial layer 304
may be improved.

The surface 308 may be treated 1n a variety of ways. For
example, the surface 308 of the sacrificial layer 304 may be
treated by etching using an inductively coupled plasma at a
power for a time. In some embodiments, the iductively
coupled plasma may include an oxygen plasma. Moreover,
in some embodiments, the power may be 400 Watts (W)
with a 300 W bias. Further, in some embodiments, the time
period may be 1 to 3 minutes. In some examples, the
inductively coupled plasma may unevenly etch the surface
308, such that the surface 308 may be roughened. Other
plasmas and/or types of plasmas may be used as well, such
as plasma asher, a reactive 1on etcher, etc.

Next, a seed layer 314 1s formed over the {first bio-
compatible layer 310 to provide a partially-fabricated device
300c¢, as shown 1 FIG. 3¢. Such a seed layer 314 can be used
to adhere to both the first bio-compatible layer 310, and any
additional metal structure that 1s patterned over the seed
layer 314, as will be described below. For example, the seed
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layer 314 may include one or more materials that both
adheres well to the first bio-compatible layer 310 and serves
as a guide to electroplate the remainder of a metal structure
that forms a component. In such an example, the seed layer
314 may include palladium, titanium, and/or gold. In some
embodiments, the seed layer 314 may include a palladium
layer and a gold layer. In some embodiments, the seed layer
314 may include a titanium layer and a gold layer.

Moreover, the seed layer 314 may have a variety of
thicknesses. For example, a palladium layer of the seed layer
314 may have a thickness between 20 to 30 nanometers,
such as 30 nanometers. Moreover, a titanium layer of the
seed layer 314 may have a thickness between 20 to 30
nanometers, such as 30 nanometers. Further, a gold layer of
the seed layer 314 may have a thickness of 100 nanometers.
Other thicknesses of the seed layer 314 are possible as well.

In an example, the seed layer 314 may be formed by a
microfabrication process such as evaporation. However, 1n
other examples, the seed layer 314 may be formed by other
microfabrication processes, such as sputtering. In some
embodiments, a palladium layer of the seed layer 314 may
be formed over the first bio-compatible layer 310, and a gold
layer of the seed layer 314 may be formed over the palla-
dium layer of the seed layer 314. In some embodiments, a
titanium layer of the seed layer 314 may be formed over the
first bio-compatible layer 310, and a gold layer of the seed
layer 314 may be formed over the titanium layer of the seed
layer 314.

Moreover, the partially-tabricated device 30056 may be
cleaned before forming the seed layer 314 over the first
bio-compatible layer 310. The partially-fabricated device
300 may be cleaned 1n a variety of ways. For example, the
partially-fabricated device 3005 may be cleaned by soaking
in a first fluid, rinsing in a second fluid, and drying with a
gas. In some embodiments, the first fliud may include a
solvent, such as acetone. Moreover, 1n some embodiments,
the second fluid may include IPA. Further, 1n some embodi-
ments, the gas may include nitrogen.

Further, the partially-fabricated device 3006 may be
baked before forming the seed layer 314 over the first
bio-compatible layer 310. The partially-fabricated device
3005 may be baked at a temperature for a time period. In
some embodiments, the temperature may be 90° C. More-
over, 1n some embodiments, the time period may be 5
minutes. Further, 1n some embodiments, the partially-fabri-
cated device 3000 may be baked on a hot plate. After the
partially-fabricated device 3005 1s baked, the partially-
tabricated device 3006 may be cooled to room temperature.

Further still, the partially-fabricated device 30056 may be
plasma cleaned before forming the seed layer 314 over the
first bio-compatible layer 310. With this arrangement, a
surface 311 of the first bio-compatible layer 310 (as shown
in FIG. 35) may be roughened, such that adhesion of the
seed layer 314 to the first bio-compatible layer 310 may be
improved. The partially-tabricated device 3006 may be
plasma cleaned 1n a varniety of ways. For example, the
partially-fabricated device 30056 may be plasma cleaned at a
power for a time period. In some embodiments, the power
may be high. Moreover, in some embodiments, the time
period may be 5 minutes.

In another example, the surface 311 of the {first bio-
compatible layer may treated before forming the seed layer
314. With this arrangement, the surface 311 of the first
bio-compatible layer 310 may be roughened, such that
adhesion of the seed layer 314 to the first bio-compatible
layer 310 may be improved. The surface 311 may be treated
in a variety of ways. For example, the surface 311 of the first
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bio-compatible layer 310 may be treated by etching using an
inductively coupled plasma at a power for a time. In some
embodiments, the inductively coupled plasma may include
an oxygen plasma. Moreover, in some embodiments, the
power may be 400 W with a 300 W bias. In some examples,
the inductively coupled plasma may unevenly etch the
surface 311, such that the surface 311 may be roughened.
Further, in some embodiments, the time period may be 1 to
3 minutes. Other plasmas and/or types of plasmas may be
used as well, such as plasma asher, a reactive 10n etcher, etc.

As shown 1n FIG. 3d, a first mask 316 1s formed over a
portion 318 of the seed layer 314 to provide a partially-
tabricated device 3004. The first mask 316 may include a
variety ol materials. For example, the first mask 316 may
include a photoresist layer, such as a photoresist layer
comprising 2-ethoxyethyl acetate. In such an example, the
first mask 316 may be AZ4620® sold by Capital Scientific.

Moreover, the first mask 316 may have a variety of
thicknesses. For example, the first mask 316 may have
thicknesses of 5 micrometers. Other thicknesses of the first
mask 316 are possible as well.

In an example, the first mask 316 may be formed over the
portion 318 of the first bio-compatible layer 310 by spin
coating and patterning.

The first mask 316 may be spin coated in a variety of
ways. For example, a material may be spin coated by placing
the material on the partially-fabricated device 300c¢, apply-
ing a spread cycle, applying a spin cycle, and applying a
deceleration cycle.

In some embodiments, placing the material on the par-
tially-fabricated device 300c may include pouring (or
pipetting) the material onto the partially-fabricated device
300c.

Moreover, 1n some embodiments, applying the spread
cycle may include rotating the partially-fabricated device
300c¢ at a first rate for a first time period. And 1n such
embodiments, the first rate may be 500 rpm. And in such
embodiments, the first time period may be 8 seconds. With
this arrangement, the material may be spread over the seed
layer 314. The spread cycle may further include accelerating
the partially-fabricated device 300c¢ at a second rate for a
second time period before rotating the partially-fabricated
device 300c¢ at the first rate for the first time period. In some
embodiments, the second rate may be 250 rpm per second.
Moreover, in some embodiments, the second time period
may be 2 seconds.

Further, 1n some embodiments, applying the spin cycle
may include rotating the partially-fabricated device 300c¢ at
a first rate for a first time period. And in such embodiments,
the first rate may be 3000 rpm. And 1n such embodiments,
the first time period may be 28 to 38 seconds. With this
arrangement, the thickness of the first mask 316 may be
tormed. The spin cycle may further include accelerating the
partially-fabricated device 300c¢ at a second rate for a second
time period belfore rotating the partially-fabricated device
300c¢ at the first rate for the first time period. In some
embodiments, the second rate may be 1500 rpm per second.
Moreover, 1n some embodiments, the second time period
may be 2 seconds.

Further still, 1n some embodiments, applying the decel-
eration cycle comprises decelerating the partially-fabricated
device 300c at a rate for a time period. And 1 such
embodiments, the rate may be 1500 rpm per second. And 1n
such embodiments, the time period may be 2 seconds.

Moreover, 1n some embodiments, the partially-fabricated
device 300c may be placed mm a vacuum chuck before
placing the material on the partially-fabricated device 300c.
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And 1n such embodiments, the partially-fabricated device
300¢c may be removed from the vacuum chuck after applying
the declaration cycle.

After the first mask 316 1s spin coated, the first mask 316
may be baked before patterning. The first mask 316 may be
baked 1n a variety of ways. For example, the first mask 316
may be baked at a temperature for a time period. In some
embodiments, the temperature may be 90° C. Moreover, 1n

some embodiments, the time period may be 2 minutes. After
the first mask 316 1s baked, the first mask 316 may be cooled
to room temperature.

In addition, the first mask 316 may be patterned n a
variety of ways. For example, a material may be patterned
by exposing and developing. In such an example, the
material may be exposed to light at an intensity for a first
time period, and developed by soaking 1n a fluid for a second
time period. In some embodiments, the light may be ultra
violet light (UV light) that 1s generated by a mercury lamp.
Moreover, 1n some embodiments, the intensity may be 16 to
19 milliwatts per centimeter (mW/cm?). Further, in some
embodiments, the first time period may be 10 to 12 seconds.
Moreover, in some embodiments, the fluid may comprise
four parts DI water and one part a fluid comprising potas-
sium borates. And in such embodiments, the fluid compris-
ing potassium borates may be AZ® 400K Developer sold by
AZ Electronics Materials. Further still, in some embodi-
ments, the second time period may be about 1 minute.

Moreover, the partially-tabricated device 3004 may be
turther processed after formation of the first mask 316 over
the portion 318 of the seed layer 314. The partially-fabri-
cated device 3004 may be further processed 1n a variety of
ways. For example, the partially-fabricated device 3004 may
be further processed by rinsing 1n a fluid, blow drying with
a gas, and baking at a temperature for a time period. In some
embodiments, the fluid may include DI water. Moreover, 1n
some embodiments, the gas may include nitrogen. Further,
in some embodiments, the temperature may be 90° C.
Further still, 1n some embodiments, the time period may be
30 minutes. After the first mask 316 1s further processed
alter formation of the first mask 316 over the portion 318 of
the seed layer 314, the first mask 316 may be cooled to room
temperature.

Further, the partially-fabricated device 300c may be
cleaned before forming the first mask 316 over the portion
318 of the seed layer 314. The partially-fabricated device
300¢ may be cleaned 1n a variety of ways. For example, the
partially-fabricated device 300¢ may be cleaned by soaking
in a first fluid, rinsing in a second fluid, and drying with a
gas. In some embodiments, the first fliud may include a
solvent, such as acetone. Moreover, 1n some embodiments,
the second fluid may include IPA. Further, 1n some embodi-
ments, the gas may include nitrogen.

Further still, the partially-fabricated device 300¢c may be
baked before forming the first mask 316 over the portion 318
of the seed layer 314. The partially-fabricated device 300c
may be baked at a temperature for a time period. In some
embodiments, the temperature may be 90° C. Moreover, 1n
some embodiments, the time period may be 2 minutes.
Further, in some embodiments, the partially-fabricated
device 300c may be baked on a hot plate. After the partially-
tabricated device 300c¢ 1s baked, the partially-fabricated
device 300¢c may be cooled to room temperature.

As shown 1n FIG. 3e, a first metal layer 320 1s formed over
exposed portions 328 of the seed layer 314 (i.e., the portions
that are not covered by the first mask 316) to provide a
partially-fabricated device 300e. The first metal layer 320
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defines components including an antenna 322, electrical
contacts 324, and electrical interconnects 326.

The first metal layer 320 may include a variety of con-
ductive matenials. For example, the first metal layer 320 may
include one or more layers of platinum, silver, gold, palla-
dium, titanium, copper, chromium, nickel, aluminum, other
metals or conductive materials, and combinations thereof. In
some embodiments, the first metal layer 320 may 1nclude a
substantially transparent conductive material for at least
some components (€.g., a material such as indium tin oxide).
In an example, the first metal layer 320 may comprise one
layer of gold.

Moreover, the first metal layer 320 may have a variety of
thicknesses. For example, the first metal layer 320 may have
a thickness between 6 to 10 micrometers, such as between
6 to 7 micrometers, 7 to 8 micrometers, or 9 to 10 microm-
cters. Other thicknesses of the first metal layer 320 are
possible as well.

In an example, the first metal layer 320 may be formed by
a microfabrication process such as electroplating. Other
microfabrication processes for forming the first metal layer
320 are possible as well. The first metal layer 320 may be
clectroplated 1n a variety ways. For example, the first metal
layer 320 may be electroplated 1n a bath at a current for a
time period. In some embodiments, the current 1s 60 milli-
amps (mA). Moreover, 1n some embodiments, the time
period 1s 60 to 75 minutes.

Moreover, the partially-fabricated device 3004 may be
plasma cleaned before forming the first metal layer 320 over
the exposed portions 328 of the seed layer 314. The par-
tially-fabricated device 3004 may be plasma cleaned 1n a
variety of ways. For example, the partially-fabricated device
3004 may be plasma cleaned at a power for a time period.
In some embodiments, the power may be high. Moreover, 1n
some embodiments, the time period may be 5 minutes.

Next, the first mask 316 1s removed and a second mask
329 1s formed over the first metal layer 320 to provide a
partially-fabricated device 300/, as shown 1n FIG. 3f.

The first mask 316 may be removed 1n a variety of ways.
For example, the first mask 316 may be removed by soaking
in a first tluid for a time period, rinsing 1n a second fluid, and
drying with a gas. In some embodiments, the first fluid may
include a solvent, such as acetone. Moreover, 1n some
embodiments, the time period may be 2 minutes. Further, 1n
some embodiments, the second flmud may include IPA.
Further still, in some embodiments, the gas may include
nitrogen. And, 1n an example, removal may further mnvolve
agitation during soaking in the first fluid. As another
example, the first mask 316 may be removed using an
inductively coupled plasma, such as oxygen plasma.

The second mask 329 may include a variety of matenals.
For example, the second mask 329 may include one or more
photoresist layers, such as one photoresist layer comprising,
2-ethoxyethyl acetate. In such an example, the second mask
329 may be AZ4620® sold by Capital Scientific. In another
example, the second mask 329 may include one photoresist
layer comprising 1-methoxy-2-propanol acetate. In such an
example, the second mask 329 may be AZ nLOF 2070® sold
by AZ Electronic Maternials. In yet another example, the
second mask 329 may include one photoresist layer com-
prising cyclohexanone. In such an example, the second mask
329 may be NR9-3000PY sold by Futurrex, Inc.

Moreover, the second mask 329 may have a variety of
thicknesses. For example, the second mask 329 may have a
thickness of 5 micrometers. Other thicknesses of the second
mask 329 are possible as well.
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In an example, the second mask 329 may be formed over
the first metal layer 320 by spin coating and patterning.

The second mask 329 may be spin coated 1n a variety of
ways. For example, a material may be spin coated by placing
the material on the partially-fabricated device 300e (aiter the
first mask 316 has been removed), applying a spread cycle,
applying a spin cycle, and applying a deceleration cycle.

In some embodiments, placing the material on the par-
tially-fabricated device 300¢ may include pouring (or
pipetting) the material onto the partially-fabricated device
300e¢.

Moreover, in some embodiments, applying the spread
cycle may include rotating the partially-fabricated device
300e at a first rate for a first time period. And in such
embodiments, the first rate may be 3500 rpm. And 1n such
embodiments, the first time period may be 8 seconds. With
this arrangement, the material may be spread over the
partially-fabricated device 300e. The spread cycle may
further include accelerating the partially-fabricated device
300¢ at a second rate for a second time period before rotating
the partially-fabricated device 300e at the first rate for the
first time period. In some embodiments, the second rate may
be 250 rpm. Moreover, 1n some embodiments, the second
time period may be 2 seconds.

Further, 1n some embodiments, applying the spin cycle
may include rotating the partially-fabricated device 300¢ at
a first rate for a first time period. And 1n such embodiments,
the first rate may be 3000 rpm. And 1n such embodiments,
the first time period may be 28 to 38 seconds. With this
arrangement, the thickness of the second mask 329 may be
formed. The spin cycle may further include accelerating the
partially-fabricated device 300e at a second rate for a second
time period belore rotating the partially-fabricated device
300e at the first rate for the first time period. In some
embodiments, the second rate may be 1500 rpm per second.
Moreover, in some embodiments, the second time period
may be 2 seconds.

Further still, in some embodiments, applying the decel-
eration cycle comprises decelerating the partially-fabricated
device 300e at a rate for a time period. And in such
embodiments, the rate may be 1500 rpm per second. And 1n
such embodiments, the time period may be 2 seconds.

Moreover, in some embodiments, the partially-fabricated
device 300¢ may be placed in a vacuum chuck belore
placing the material on the partially-fabricated device 300e.
And 1n such embodiments, the partially-fabricated device
300e may be removed from the vacuum chuck after applying
the deceleration cycle.

After the second mask 329 is spin coated, the second
mask 329 may be baked before patterning. The second mask
329 may be baked in a variety of ways. For example, the
second mask 329 may be baked at a temperature for a time
period. In some embodiments, the temperature may be 90°
C. Moreover, 1n some embodiments, the time period may be
2 minutes. After the second mask 329 1s baked, the second
mask 329 may be cooled to room temperature.

In addition, the second mask 329 may be patterned 1n a
variety of ways. For example, the material may be patterned
by exposing and developing. In such an example, the
material may be exposed to light at an intensity for a first
time period, and developed by soaking 1n a fluid for a second
time period. In some embodiments, the light may be ultra
violet light (UV light) that 1s generated by a mercury lamp.
Moreover, in some embodiments, the intensity may be 16 to
19 mW/cm?. Further, in some embodiments, the first time
pertod may be 10 to 12 seconds. Moreover, 1n some embodi-
ments, the fluid may comprise four parts DI and one part a
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fluid comprising potassium borates. And 1n such embodi-
ments, the fluid comprising potassium borates may be AZ®
400K Developer sold by AZ FElectronics Matenals. Further
still, 1n some embodiments, the second time period may be
about 1 minute.

Moreover, the partially-fabricated device 300f may be
turther processed after formation of the second mask 329
over the first metal layer 320. The partially-fabricated device
300/ may be further processed in a variety of ways. For
example, the partially-fabricated device 300/ may be further
processed by rinsing 1n a fluid, blow drying with a gas, and
baking at a temperature for a time period. In some embodi-
ments, the fluid may include DI water. Moreover, in some
embodiments, the gas may include nitrogen. Further, in
some embodiments, the temperature may be 90° C. Further
still, 1n some embodiments, the time period may be 30
minutes. After the second mask 329 1s processed after
formation, the second mask 329 may be cooled to room
temperature.

Further, the partially-fabricated device 300e (after the first
mask 316 has been removed) may be cleaned before forming,
the second mask 329 over the first metal layer 320. The
partially-fabricated device 300e may be cleaned 1n a variety
of ways. For example, the partially-fabricated device 300e
may be cleaned by soaking 1n a first fluid, rinsing 1n a second
fluid, and drying with a gas. In some embodiments, the first
fluid may include a solvent, such as acetone. Moreover, 1n
some embodiments, the second fluid may include IPA.
Further, in some embodiments, the gas may include nitro-
gen.
Further still, the partially-fabricated device 300e (after the
first mask 316 has been removed) may be baked before
forming the second mask 329 over the first metal layer 320.
The partially-fabricated device 300e may be baked at a
temperature for a time period. In some embodiments, the
temperature may be 90° C. Moreover, in some embodi-
ments, the time period may be 2 minutes. Further, 1n some
embodiments, the partially-fabricated device 300¢ may be
baked on a hot plate. After the partially-fabricated device
300e 1s baked, the partially-fabricated device 300e may be
cooled to room temperature.

As shown 1n FIG. 3¢, the portion 318 of the seed layer 314
1s removed and the second mask 329 1s removed to provide
a partially-fabricated device 300¢. In some embodiments, a
gold layer of the portion 318 of the seed layer 314 and/or a
palladium layer of the portion 318 of the seed layer 314 may
be removed.

The portion 318 of the seed layer 314 may be removed in
a variety ol ways. For example, the portion 318 of the seed
layer 314 may be removed by wet etching. The gold layer of
the portion 318 of the seed layer 314 may be wet etched in
a variety of ways. For example, the gold layer of the portion
318 of the seed layer 314 may be wet etched for a time
period at a temperature. In some embodiments, the time
period may be between 1 to 2 minutes. Moreover, 1n some
embodiments, the temperature may be room temperature.
And, 1n some embodiments, removing the gold layer of the
portion 318 of the seed layer 314 may involve agitation (e.g.,
constant agitation) during wet etching. After the gold layer
of the portion 318 of the seed layer 314 1s wet etched,
removing the gold layer of the portion 318 of the seed layer
314 may involve rinsing 1n a fluid and drying with a gas. In
some embodiments, the flud may include DI water. More-
over, 1n some embodiments, the gas may include nitrogen.

Moreover, the palladium layer of the portion 318 of the
seed layer 314 may be wet etched 1n a variety of ways. For
example, the palladium layer of the portion 318 of the seed
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layer 314 may be wet etched for a time period at a tem-
perature. In some embodiments, the time period may be 30
seconds. Moreover, 1n some embodiments, the temperature
may be 70° C. After the palladium layer of the portion 318
of the seed layer 314 1s wet etched, removing the palladium
layer of the portion 318 of the seed layer 314 may involve
rinsing 1n a fluid and drying with a gas. In some embodi-
ments, the fluild may include DI water. Moreover, in some
embodiments, the gas may include nitrogen.

The second mask 329 may be removed 1n a variety of
ways. For example, the second mask 329 may be removed
by soaking 1n a first fluid for a time period, rinsing in a
second fluid, and drying with a gas. In some embodiments,
the first fluid may include a solvent, such as acetone.
Moreover, 1n some embodiments, the time period may be 2
minutes. Further, in some embodiments, the second fluid
may include IPA. Further still, in some embodiments, the
gas may include nitrogen. And, 1n an example, removal may
turther involve agitation during soaking in the first fluid. As
another example, the second mask 329 may be removed
using an inductively coupled plasma, such as an oxygen
plasma.

As shown 1n FIG. 3/, a third mask 330 1s formed over a
portion 332 of the first bio-compatible layer 310 and a
portion 334 the first metal layer 320 to provide a partially-
tabricated device 300/. The third mask 330 may include a
variety ol materials. For example, the third mask 330 may
include one or more photoresist layers, such as one photo-
resist layer comprising 2-ethoxyethyl acetate. In such an
example, the third mask 330 may be AZ4620® sold by
Capital Scientific. In another example, the third mask 330
may include one photoresist layer comprising 1-methoxy-
2-propanol acetate. In such an example, the third mask 330
may be AZ nLLOF 2070® sold by AZ Electronic Materials.
In yet another example, the third mask 330 may include one
photoresist layer comprising cyclohexanone. In such an
example, the third mask 330 may be NR9-3000PY sold by
Futurrex, Inc.

Moreover, the third mask 330 may have a variety of
thicknesses. For example, the third mask 330 may have a
thicknesses of 5 micrometers. Other thicknesses of the third
mask 330 are possible as well.

In an example, the third mask 330 may be formed over the
portion 332 of the first bio-compatible layer 310 and the
portion 334 of the first metal layer 320 by spin coating an
patterning.

The third mask 330 may be spin coated 1n a variety of
ways. For example, a material may be spin coated by placing
the material on the partially-fabricated device 300g, apply-
ing a spread cycle, applying a spin cycle, and applying a
deceleration cycle.

In some embodiments, placing the material on the par-
tially-fabricated device 300g may include pouring (or
pipetting) the material onto the partially-fabricated device
300g.

Moreover, 1n some embodiments, applying the spread
cycle may include rotating the partially-fabricated device
300g at a first rate for a first time period. And in such
embodiments, the first rate may be 500 rpm. And in such
embodiments, the first time period may be 8 seconds. With
this arrangement, the material may be spread over the
partially-fabricated device 300g. The spread cycle may
turther include accelerating the partially-fabricated device
300g at a second rate for a second time period belore
rotating the partially-fabricated device 300g at the first rate
for the first time period. In some embodiments, the second
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rate may be 250 rpm. Moreover, 1n some embodiments, the
second time period may be 2 seconds.

Further, 1n some embodiments, applying the spin cycle
may include rotating the partially-fabricated device 300g at
a first rate for a first time period. And in such embodiments,
the first rate may be 3000 rpm. And 1n such embodiments,
the first time period may be 28 to 38 seconds. With this
arrangement, the thickness of the third mask 330 may be
tormed. The spin cycle may further include accelerating the
partially-fabricated device 300g at a second rate for a second
time period before rotating the partially-fabricated device
300g at the first rate for the first time period. In some
embodiments, the second rate may be 1500 rpm per second.
Moreover, 1n some embodiments, the second time period
may be 2 seconds.

Further still, in some embodiments, applying the decel-
eration cycle comprises decelerating the partially-fabricated
device 300g at a rate for a time period. And 1n such
embodiments, the rate may be 1500 rpm per second. And 1n
such embodiments, the time period may be 2 seconds.

Moreover, 1n some embodiments, the partially-fabricated
device 300g may be placed in a vacuum chuck before
placing the material on the partially-fabricated device 300g.
And 1n such embodiments, the partially-fabricated device
300g may be removed from the vacuum chuck after apply-
ing the deceleration cycle.

After the third mask 330 1s spin coated, the third mask 330
may be baked before patterming. The third mask 330 may be
baked 1n a variety of ways. For example, the third mask 330
may be baked at a temperature for a time period. In some
embodiments, the temperature may be 90° C. Moreover, 1n
some embodiments, the time period may be 2 minutes. After
the third mask 330 i1s baked, the third mask 330 may be
cooled to room temperature.

In addition, the third mask 330 may be patterned in a
variety of ways. For example, the material may be patterned
by exposing and developing. In such an example, the
material may be exposed to light at an intensity for a first
time period, and developed by soaking 1n a fluid for a second
time period. In some embodiments, the light may be ultra
violet light (UV light) that 1s generated by a mercury lamp.
Moreover, 1n some embodiments, the intensity may be the
intensity may be 16 to 19 mW/cm®. Further, in some
embodiments, the first time period may be 10 to 12 seconds.
Moreover, in some embodiments, the fluid may comprise
four parts DI and one part a flmd comprising potassium
borates. And 1n such embodiments, the fluid comprising
potassium borates may be AZ® 400K Developer sold by AZ
Electronics Materials. Further still, in some embodiments,
the second time period may be about 1 minute.

Moreover, the partially-fabricated device 3002 may be
turther processed after formation of the third mask 330 over
the portion 332 of the first bio-compatible layer 310 and the
portion 334 the first metal layer 320. The partially-fabricated
device 300/ may be further processed 1n a variety of ways.
For example, the partially-fabricated device 300/~ may be
turther processed by rinsing in a fluid, blow drying with a
gas, and baking at a temperature for a time period. In some
embodiments, the flmd may include DI water. Moreover, 1n
some embodiments, the gas may include nitrogen. Further,
in some embodiments, the temperature may be 90° C.
Further still, in some embodiments, the time period may be
30 minutes. After the third mask 330 i1s processed after
formation, the third mask 330 may be cooled to room
temperature.

Further, the partially-fabricated device 300g may be
cleaned before forming the third mask 330 over the portion
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332 of the first bio-compatible layer 310 and the portion 334
of the first metal layer 320. The partially-fabricated device
300g may be cleaned 1n a variety of ways. For example, the
partially-fabricated device 300g may be cleaned by soaking
in a first fluid, rinsing in a second fluid, and drying with a
gas. In some embodiments, the first fliud may include a
solvent, such as acetone. Moreover, 1n some embodiments,
the second fluid may include IPA. Further, 1n some embodi-
ments, the gas may include nitrogen.

Further still, the partially-fabricated device 300g may be
baked before forming the third mask 330 over the portion
332 of the first bio-compatible layer 310 and the portion 334
of the first metal layer 320. The partially-fabricated device
300¢ may be baked at a temperature for a time period. In
some embodiments, the temperature may be 90° C. More-
over, 1n some embodiments, the time period may be 2
minutes. Further, 1n some embodiments, the partially-fabri-
cated device 300g may be baked on a hot plate. After the
partially-fabricated device 300g 1s baked, the partially-
tabricated device 300g may be cooled to room temperature.

As shown 1 FIG. 3i, a second metal layer 336 1s formed
over exposed portions 344 of the first bio-compatible layer
310 and exposed portions 346 of the first metal layer 320
(1.e., the portions that are not covered by the third mask 330)
to provide a partially-fabricated device 300i. The second
metal layer 336 defines electrical interconnects 338 and
sensor electrodes 340.

The second metal layer 336 may include a vanety of
conductive materials. In one example, the second metal
layer 336 may include a first conductive layer and a second
conductive layer. The first conductive layer may be provided
on exposed portions 344 of the first bio-compatible layer and
exposed portions 346 of the first metal layer 320. The second
conductive layer may be provided over at least a portion of
the first conductive layer that 1s formed on exposed surfaces
344 of the bio-compatible device. The second conductive
layer may also be provided over a portion of the first
conductive layer that 1s provided on exposed portions 346 of
the first metal layer 320.

The first conductive layer may comprise a first metal, and
the second metal layer may comprise a second metal. The
first metal may be chosen so that the first conductive layer
provides a continuous electrical pathway to and from the
sensor electrodes 340, and the second metal may be chosen
to provide a surface for either oxidation or reduction reac-
tions at the sensor electrodes 440. Depending on the appli-
cation, the second metal may be prone to cracking during
subsequent steps 1n the fabrication process. To provide a
continuous electrical pathway to and from the sensor elec-
trodes, the first metal may be more malleable and less prone
to cracking during subsequent fabrications than the second
metal.

For instance, 1f the bio-compatible device 1s used in an
eye-mounted device and glucose 1s the measured analyte,
the second metal may be platinum, and the first metal may
be a metal that 1s more malleable than platinum, such as
gold. Alternatively, the second metal may be a difierent
metal, such as copper or silver.

Additionally, the second metal layer 336 may comprise a
third conductive layer of a third metal that 1s between the
first conductive layer and the second conductive layer. The
third conductive layer may provide additional structure for
the sensor electrodes 340. The third metal could be, for
example, palladium.

The third conductive layer may be formed 1n a variety of
ways. In one example, the third conductive layer may be
formed over the first conductive layer. Alternatively, the
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third conductive layer may be formed over the portion of the
first conductive layer that 1s formed on exposed surfaces 344
of the bio-compatible device. In either example, the second
conductive layer may be formed over the third conductive
layer.

Moreover, each layer in the second metal layer 336 may
have a variety of thicknesses. For example, the first con-
ductive layer of the second metal layer 336 may have a
thickness between 100 nm to 10 microns, such as about 250
nm, and the second conductive layer may have thickness
between about 50 to about 300 nanometers, such as about
100 or about 120 nanometers. In examples 1 which the
second metal layer 336 comprises a third conductive layer,
the third conductive layer may have a thickness between 10
to 50 nanometers, such as 30 nanometers. Other thicknesses
of the second metal layer 336 are possible as well.

In an example, the second metal layer 336 may be formed
by a microfabrication process such as sputtering. However,
in other examples, the second metal layer 336 may be
formed by other microfabrication processes such as evapo-
ration.

Moreover, the partially-fabricated device 3002 may be
plasma cleaned before forming the second metal layer 336
over the exposed portions 344 of the first bio-compatible
layer 310 and the exposed portions 346 of the first metal
layer 320. The partially-fabricated device 3002 may be
plasma cleaned 1n a variety of ways. For example, the
partially-fabricated device 300/ may be plasma cleaned at a
power for a time period. In some embodiments, the power
may be high. Moreover, 1n some embodiments, the time
period may be 60 seconds.

Next, the third mask 330 1s removed to provide a par-
tially-fabricated device 300/, as shown 1n FIG. 3j. The third
mask 330 may be removed in a variety of ways. For
example, the third mask 330 may be removed by soaking 1n
a first fluid for a first time period, rinsing 1n a second tluid,
drying with a gas, and baking at a temperature for a second
time period. In some embodiments, the first fluild may
include a solvent, such as acetone. Moreover, 1n some
embodiments, the first time period may be 1 to 5 hours, such
as 1 to 2 hours or 4 to 5 hours. Further, in some embodi-
ments, the second fluid may include IPA. Further still, in
some embodiments, the gas may include nitrogen. More-
over, 1n some embodiments, the temperature may be 90° C.
Further, in some embodiments, the second time period may
be 5 minutes. And, in an example, removal may further
involve sonication for a time period (e.g., 2 to 3 seconds)
alter soaking 1n the first fluid. For instance, in some embodi-
ments, removal may involve sonication for the time period
alter soaking in the first fluid for 1 hour. As another example,
the third mask 330 may be removed using an inductively
coupled plasma, such as an oxygen plasma.

After the third mask 330 1s removed, the partially-fabri-
cated device 300/ may be rinsed in a tluid, dried with a gas,
and baked at a temperature for a time period. In some
embodiments, the fluid may include IPA. Moreover, 1n some
embodiments, the gas may include nitrogen. Further, in
some embodiments, the temperature may be 90° C. Further
still, 1n some embodiments, the time period may be 35
minutes.

Together, the first metal layer 320 and the second metal
layer 336 are a conductive pattern 342. The conductive
pattern 342 defines the antenna 322, the electrical contacts
324, the electrical interconnects 326, the electrical intercon-
nects 338, and the sensor electrodes 340.

As shown 1n FIG. 3%, a protective layer 348 1s formed
over the sensor electrodes 340 to provide a partially-fabri-
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cated device 300%. The protective layer 348 may include a
variety of materials. For example, the protective layer 348
may include one or more photoresist layers, such as one
photoresist layer comprising 2-ethoxyethyl acetate. In such
an example, the protective layer 348 may be AZ6420® sold
by Capital Scientific. However, in other examples, the
protective layer 348 may include one or more layers of
metal, such as aluminum.

Moreover, the protective layer 348 may have a variety of
thicknesses. For example, the protective layer 348 may have
a thickness of 40 micrometers. Other thicknesses of the
protective layer 348 are possible as well.

In an example, the protective layer 348 may be formed
over the sensor electrodes 340 by spin coating and pattern-
ing. However, in other examples, the protective layer 348
may be formed by microfabrication processes such as
evaporation and/or sputtering.

The protective layer 348 may be spin coated 1n a variety
of ways. For example, the protective layer 348 may be spin
coated 1n steps. In such an example, a first step may involve
placing a first material on the partially-fabricated device
300j, applying a spread cycle, applying a spin cycle, and
applying a deceleration cycle.

In some embodiments, placing the first material on the
partially-fabricated device 300; may include pouring (or
pipetting) the first material onto the partially-fabricated
device 300j.

Moreover, in some embodiments, applying the spread
cycle may include rotating the partially-fabricated device
300; at a first rate for a first time period. And 1n such
embodiments, the first rate may be 500 rpm. And 1n such
embodiments, the first time period may be 5 to 8 seconds.
With this arrangement, the first material may be spread over
the sensor electrodes 340. The spread cycle may further
include accelerating the partially-fabricated device 300/ at a
second rate for a second time period before rotating the
partially-fabricated device 300; at the first rate for the first
time period. In some embodiments, the second rate may be
100 to 250 rpm per second. Moreover, in some embodi-
ments, the second time period may be 2 to 5 seconds.

Further, 1n some embodiments, applying the spin cycle
may 1nclude rotating the partially-fabricated device 300; at
a first rate for a first time period. And in such embodiments,
the first rate may be 900 to 1000 rpm. And 1n such embodi-
ments, the first time period may be 38 to 118 seconds. With
this arrangement, a first portion of the thickness of the
protective layer 348 may be formed. The spin cycle may
turther include accelerating the partially-fabricated device
3007 at a second rate for a second time period before rotating
the partially-fabricated device 300; at the first rate for the
first time period. In some embodiments, the second rate may
be 450 to 500 rpm per second. Moreover, 1n some embodi-
ments, the second time period may be 2 seconds.

Further still, in some embodiments, applying deceleration
cycle comprises decelerating the partially-fabricated device
3007 at a rate for a time period. And 1n such embodiments,
the rate may be 450 to 500 rpm per second. And 1n such
embodiments, the time period may be 2 seconds.

Moreover, 1n some embodiments, the partially-fabricated
device 3007 may be placed 1n a vacuum chuck betfore placing
the first material on the partially-fabricated device 300;.

After the first step, the first material may be baked at a
temperature for a time period. In some embodiments, the
temperature may be 90° C. Moreover, in some embodi-
ments, the time period may be 1 minute.
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In such an example, a second step may 1nvolve placing a
second material on the first material, applying a spread
cycle, applying a spin cycle, and applying a deceleration
cycle.

In some embodiments, placing the second material on the
first material may 1nclude pouring (or pipetting) the second
material onto the first material.

Moreover, 1n some embodiments, applying the spread
cycle may include rotating the partially-fabricated device
3007 at a first rate for a first time period. And 1n such
embodiments, the first rate may be 500 rpm. And in such
embodiments, the first time period may be 5 to 8 seconds.
With this arrangement, the second material may be spread
over the first maternial. The spread cycle may further include
accelerating the partially-fabricated device 300/ at a second
rate for a second time period before rotating the partially-
tabricated device 300; at the first rate for the first time
period. In some embodiments, the second rate may be 100
to 250 rpm per second. Moreover, 1n some embodiments, the
second time period may be 2 to 5 seconds.

Further, in some embodiments, applying the spin cycle
may 1nclude rotating the partially-fabricated device 300; at
a first rate for a first time period. And in such embodiments,
the first rate may be 900 to 1000 rpm. And 1n such embodi-
ments, the first time period may be 38 to 118 seconds. With
this arrangement, a second portion of the thickness of the
protective layer 348 may be formed. The spin cycle may
turther include accelerating the partially-fabricated device
3007 at a second rate for a second time period before rotating
the partially-fabricated device 300; at the first rate for the
first time period. In some embodiments, the second rate may
be 450 to 500 rpm per second. Moreover, 1n some embodi-
ments, the second time period may be 2 seconds.

Further still, 1n some embodiments, applying deceleration
cycle comprises decelerating the partially-fabricated device
3007 at a rate for a time period. And 1n such embodiments,
the rate may be 450 to 500 rpm per second. And 1n such
embodiments, the time period may be 2 seconds.

And 1n some embodiments, the partially-fabricated device
3007 may be removed from the vacuum chuck after applying
the deceleration cycle.

After the second step, the first and second material may be
baked at a temperature for a time period. In some embodi-
ments, the temperature may be 90° C. Moreover, in some
embodiments, the time period may be 10 minutes. And such
an example may further involve baking the first and second
materials until room temperature at a rate. In some embodi-
ments, the rate may be 2° C. per minute.

In addition, the protective layer 348 may be patterned in
a variety of ways. For example, the first and second material
may be patterned by exposing and developing. And, in such
an example, the first and second material may be exposed
and developed 1n steps.

In such an example, a first step may involve exposing the
first and second material to light at an intensity for a first
time period. In some embodiments, the light may be ultra
violet light (UV light) that may be generated by a mercury
lamp. Moreover, 1n some embodiments, the intensity may be
the intensity may be 16 to 19 mW/cm”. Further, in some
embodiments, the first time period may be 26 seconds.
Moreover, 1n such an example, a second step may involve
repeating the first step. In another example, the first time
period may include one or more cycles (e.g., 4 cycles) where
cach of the one or more cycles includes an exposure time
period (e.g., 20 seconds) and waiting time period (e.g., 30
seconds to 2 minutes).
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Further, 1n such an example, a third step may involve
developing the first and second material by soaking 1n a fluid
for a second time period. In some embodiments, the fluid
may comprise four parts DI and one part a fluid comprising
potassium borates. And 1 such embodiments, the fluid
comprising potassium borates may be AZ® 400K Developer
sold by AZ Electronics Maternials. Moreover, in some
embodiments, the second time period may be 4 minutes.
Further still, 1n such an example, a fourth step may involve
repeating the third step.

Moreover, the partially-fabricated device 300& may be
further processed after formation of the protective layer 348
over the sensor electrodes 340. The protective layer 348 may
be further processed in a variety of ways. For example, the
protective layer 348 may be further processed by rinsing in
a fluid and drying with a gas. In some embodiments, the tluid
may include DI water. Moreover, in some embodiments, the
gas may include nitrogen.

In such an example, the partially-fabricated device 300%
may then baked at a temperature for a time period. In some
embodiments, the temperature may be 90° C. Moreover, 1n
some embodiments, the time period may be 20 minutes.

Further, the partially-fabricated device 300; may be
cleaned before forming the protective layer 348 over the
sensor electrodes 340. The partially-fabricated device 300;
may be cleaned 1n a variety of ways. For example, the
partially-fabricated device 300; may be cleaned by soaking
in a first fluid, rinsing 1n a second fluid, and drying with a
gas. In some embodiments, the first fluid may include a
solvent, such as acetone. Moreover, 1n some embodiments,
the second fluid may include IPA. Further, 1n some embodi-
ments, the gas may include nitrogen.

Further still, the partially-fabricated device 300/ may be
baked before forming the protective layer 348 over the
sensor electrodes 340. The partially-fabricated device 300;
may be baked at a temperature for a time period. In some
embodiments, the temperature may be 90° C. Moreover, 1n
some embodiments, the time period may be 5 minutes.
Further, in some embodiments, the partially-fabricated
device 300 may be baked on a hot plate. After the partially-
tabricated device 300/ 1s baked, the partially-fabricated
device 3007 may be cooled to room temperature.

Next, an electronic component 350 1s mounted to the
clectrical contacts 324 to provide a partially-fabricated
device 3001, as shown 1n FIG. 31. The electronic component
350 could include, for example, one or more integrated
circuits (ICs) and/or one or more discrete electronic com-
ponents. Heat, pressure, a pick-and-place tool and a bonding
medium (anisotropic conductive paste (ACP), anisotropic
conductive film (ACF), solder and flux, solder paste, solder
followed by underfill, etc.), or a flip-chip bonder, for
example, may be used to adhere a first surface 352 of the
clectronic component 350 to the electrical contacts 324. The
clectronic component 350 has a second surface 354 opposite
the first surface 352.

As shown 1in FIG. 3m, a surface 356 of the first bio-
compatible layer 310 is treated to provide a partially-
fabricated device 300, such that a surface of another
bio-compatible layer, such as a second bio-compatible layer,
bonds to the surface during formation of the other bio-
compatible layer. The surface 356 of the first bio-compatible
layer 310 may be treated 1n a variety of ways. For example,
the surface 356 of the first bio-compatible layer 310 may be
treated by etching using an inductively coupled plasma at a
power for a time period. With this arrangement, the surface
356 of the first bio-compatible layer 310 may be roughened.
In some embodiments, the inductively coupled plasma may
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include an oxygen plasma. Moreover, 1n some embodiments,
the power may be 400 W with a 300 W bias. Further, 1n some
embodiments, the time period may be 1 minute. In some
examples, the inductively coupled plasma may unevenly
ctch the surface 356, such that the surface 356 may be
roughened. Other plasmas and/or types of plasmas may be
used as well, such as a plasma asher, a reactive 10n etcher,
etc.

The partially-fabricated device 3001 may be baked at a
temperature for a time period belore treating the surface 356
of the first bio-compatible layer 310. In some embodiments,
the temperature may be 90° C. Moreover, 1n some embodi-
ments, the time period may be 1 hour.

As shown 1n FIG. 3#», a second bio-compatible layer 358
1s formed over the first bio-compatible layer 310, the elec-
tronic component 350, the antenna 322, the electrical inter-
connects 338, the protective layer 348, the electrical contacts
324, and the electrical interconnects 326 to provide a par-
tially-fabricated device 300xz. The second bio-compatible
layer 358 defines a second side 360 of the bio-compatible
device. That 1s, the second bio-compatible layer 358 defines
an outer edge of the bio-compatible device.

In an example, the second bio-compatible layer 358 can
be composed of the same polymeric material as the first
bio-compatible layer 310. However, in other examples, the
second bio-compatible layer 358 can be composed of a
different polymeric material than the first bio-compatible
310. The second bio-compatible layer 358 can be any one of
the polymeric materials mentioned herein that 1s both bio-
compatible and electrically insulating. The second bio-
compatible layer 358 thus serves to seal and insulate the
components.

Moreover, the second bio-compatible layer 358 may have
a variety of thicknesses. For example, the second bio-
compatible layer 358 may have a thickness between one or
more embedded components and a surface of the second
bio-compatible layer 358 between 5 to 100 micrometers,
such as 15 micrometers. Other thicknesses for the second
bio-compatible layer 358 are possible as well.

In an example, the second bio-compatible layer 358 may
be formed the same or similar way as the first bio-compat-
ible layer 310 may be formed. However, 1n other examples,
the second bio-compatible layer 358 may be formed by a
different process (or processes) than the process (or pro-
cesses) used to form the first bio-compatible layer 310.

For example, the second bio-compatible layer 358 may be
formed by a microfabrication process such as chemical
vapor deposition. The deposition of the second bio-compat-
ible layer 358 may result 1n a conformal coating over the
assembled components. Moreover, 1n an example, 35 grams
of a polymeric material may be used to form the second
bio-compatible layer 338.

The second bio-compatible layer 358 may be deposited to
create a continuous layer that spans the entirety of the
assembled components. The second bio-compatible layer
358 can span a region that extends beyond a footprint of the
assembled components. As a result, the assembled compo-
nents can be surrounded by portions of the second bio-
compatible layer 358 that rest directly on the first bio-
compatible layer 310.

Additionally or alternatively, after the second bio-com-
patible layer 358 1s formed over first bio-compatible layer
310, the electronic component 350, the antenna 322, the
clectrical interconnects 338, the protective layer 348, the
electrical contacts 324, and the electrical interconnects 326,
the first bio-compatible layer 310 and the second bio-
compatible layer 358 may be annealed and/or sintered. With
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this arrangement, the second bio-compatible layer 358 may
bond to the first bio-compatible layer 310.

Moreover, the partially-fabricated device 300 may be
cleaned before forming the second bio-compatible layer 358
over the first bio-compatible layer 310, the electronic com-
ponent 350, the antenna 322, the electrical interconnects
338, the protective layer 348, the electrical contacts 324, and
the electrical interconnects 326. The partially-fabricated
device 300 may be cleaned 1 a vanety of ways. For
example, the partially-fabricated device 300m may be
cleaned by rinsing 1n a fluid, drying with a gas, and baking
at a temperature for a time period. In some embodiments, the
fluid may include DI water. Moreover, 1n some embodi-
ments, the gas may include mitrogen. Further, in some
embodiments, the temperature may be 90° C. Further still, 1n
some embodiments, the time period may be 60 minutes.

Further, the partially-fabricated device 300 may be
plasma cleaned before forming the second bio-compatible
layer 358 over the first bio-compatible layer 310, the elec-
tronic component 350, the antenna 322, the electrical inter-
connects 338, the protective layer 348, the electrical contacts
324, and the electrical interconnects 326. The partially-
tabricated device 300 may be plasma cleaned 1n a variety
of ways. For example, the partially-fabricated device 300
may be plasma cleaned at a power for a time period. In some
embodiments, the power may be high. Moreover, 1n some
embodiments, the time period may be 5 minutes.

Next, an etch mask 362 1s formed over a portion 363 of
the second bio-compatible layer 358 to provide a partially-
fabricated device 3000, as shown 1n FIG. 3e. The etch mask
362 may include a variety of materials. For example, the
ctch mask 362 may include one or more photoresist layers,
such as one photoresist layer comprising cyclopentanone. In
such an example, the etch mask 362 may be KMPR® sold
by Micro Chem. However, 1n other examples, the etch mask
362 may include one or more metal layers and/or one or
more nitride layers.

Moreover, the etch mask 362 may have a variety of
thicknesses. For example, the etch mask 362 may have a
thickness between 100 to 150 micrometers, such as 120,
130, or 150 micrometers. Other thicknesses of the etch mask
362 are possible as well.

In an example, the etch mask 362 may be formed by spin
coating and patterning. However, 1n other examples, the etch
mask 362 may be formed by microfabrication processes
such as evaporation and/or sputtering.

The etch mask 362 may be spin coated 1 a variety of
ways. For example, the etch mask 362 may be spin coated
in steps. In such an example, a {irst step may involve placing
a first material on the partially-fabricated device 300z,
applying a spread cycle, applying a spin cycle, and applying
a deceleration cycle.

In some embodiments, placing the first material on the
partially-fabricated device 300z may include pouring (or
pipetting) the first material onto the partially-fabricated
device 300z.

Moreover, 1n some embodiments, applying the spread
cycle may include rotating the partially-fabricated device
3007 at a first rate for a first time period. And in such
embodiments, the first rate may be 500 rpm. And in such
embodiments, the first time period may be 5 seconds. With
this arrangement, the first material may be spread over the
partially-fabricated device 300z. The spread cycle may
turther include accelerating the partially-fabricated device
3007 at a second rate for a second time period belore
rotating the partially-fabricated device 300 at the first rate
for the first time period. In some embodiments, the second
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rate may be 100 rpm per second. Moreover, in some
embodiments, the second time period may be 5 seconds.
Further, in some embodiments, applying the spin cycle
may include rotating the partially-fabricated device 3007 at
a first rate for a first time period. And 1n such embodiments,
the first rate may be 1000 rpm. And 1n such embodiments,

the first time period may be 38 to 118 seconds. With this
arrangement, a first portion of the thickness of the etch mask
362 may be formed. The spin cycle may further include
accelerating the partially-fabricated device 300% at a second
rate for a second time period before rotating the partially-
tabricated device 300% at the first rate for the first time
period. In some embodiments, the second rate may be 500
rpm per second. Moreover, in some embodiments, the
second time period may be 2 seconds.

Further still, 1n some embodiments, applying the decel-
eration cycle comprises decelerating the partially-fabricated
device 300z at a rate for a time period. And 1 such
embodiments, the rate may be 500 rpm per second. And 1n
such embodiments, the time period may be 2 seconds.

Moreover, 1n some embodiments, the partially-fabricated
device 300z may be placed in a vacuum chuck before
placing the first material on the partially-fabricated device
300:m.

The first step may further involve baking the first matenal
at a temperature for a time period. In some embodiments, the
temperature 1s 90° C. Moreover, 1n some embodiments, the
time period may be 5 minutes.

In such an example, a second step may involve placing a
second material on the first material, applying a spread
cycle, applying a spin cycle, and applying a deceleration
cycle.

In some embodiments, placing the second material on the
first material may 1nclude pouring (or pipetting) the second
material onto the first material.

Moreover, in some embodiments, applying the spread
cycle may include rotating the partially-fabricated device
3007 at a first rate for a first time period. And in such
embodiments, the first rate may be 500 rpm. And 1n such
embodiments, the first time period may be 5 seconds. With
this arrangement, the second maternial may be spread over
the first material. The spread cycle may further include
accelerating the partially-fabricated device 300 at a second
rate for a second time period before rotating the partially-
tabricated device 3007 at the first rate for the first time
period. In some embodiments, the second rate may be 100
rpm per second. Moreover, i some embodiments, the
second time period may be 5 seconds.

Further, in some embodiments, applying the spin cycle
may include rotating the partially-fabricated device 300# at
a first rate for a first time period. And in such embodiments,
the first rate may be 1000 rpm. And 1n such embodiments,
the first time period may be 38 to 118 seconds. With this
arrangement, a second portion of the thickness of the etch
mask 362 may be formed. The spin cycle may further
include accelerating the partially-fabricated device 3007 at a
second rate for a second time period before rotating the
partially-fabricated device 300# at the first rate for the first
time period. In some embodiments, the second rate may be
500 rpm per second. Moreover, in some embodiments, the
second time period may be 2 seconds.

Further still, 1n some embodiments, applying deceleration
cycle comprises decelerating the partially-fabricated device
3007 at a rate for a time period. And 1n such embodiments,
the rate may be 500 rpm per second. And 1n such embodi-
ments, the time period may be 2 seconds.
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And 1n some embodiments, the partially-fabricated device
3007 may be removed from the vacuum chuck after apply-
ing the deceleration cycle.

After the first and second material 1s spin coated, the first
and second material may be baked at a first temperature to
a second temperature at a rate for a time period. In some
embodiments, the first temperature 1s 65° C. Moreover, 1n
some embodiments, the second temperature 1s 90° to 95° C.
Further, 1n some embodiments, the rate 1s 120° C. per hour.
Further still, 1n some embodiments, the time period may be
1 hour. In another example, the first and second material may

be baked at 90° C. for 1 hour.

After the first and second material 1s baked, the first and
second material may be cooled to room temperature at a rate.
In some embodiments, the rate 1s 450° C. per hour or 120°

C. per hour.

The etch mask may 362 be patterned 1n a variety of ways.
For example, the first and second material may be patterned
by exposing and developing. And, 1n such an example, the
first and second material may be exposed and developed 1n
steps.

In such an example, a first step may involve exposing the
first and second material to light at an intensity for a first
time period. In some embodiments, the light may be ultra
violet light (UV light) that may be generated by a mercury
lamp. Moreover, in some embodiments, the intensity may be
the intensity may be 16 to 19 mW/cm”. Further, in some
embodiments, the first time period may be 30 seconds.
Moreover, 1in such an example, a second step may involve
repeating the first step. In another example, the first time
period may include one or more cycles (e.g., 3 cycles) where
cach of the one or more cycles includes an exposure time
period (e.g., 20 seconds) and a waiting time period (e.g., 30
seconds to 2 minutes)

Further, in such an example, a third step may nvolve
baking the first and second material at a temperature for a
second time period. In some embodiments, the temperature
may be 90° C. Moreover, 1n some embodiments, the second
time period may be 2 minutes. Further still, in such an
example, a fourth step may involve developing the first and
second material using a fluid comprising 1-methoxy-2-
propyl acetate. In such an example, the fluild may be SU-8
Developer® sold by Micro Chem. In some embodiments,
the time period may be 15 or 10 minutes.

Moreover, the partially-fabricated device 3000 may be
turther processed after formation of the etch mask 362 over
the portion 363 of the second bio-compatible layer 358. The
partially-fabricated device 3000 may be turther processed in
a variety ol ways. For example, the partially-fabricated
device 3000 may be further processed by rinsing 1n a tluid,
blow drying with a gas, and baking at a temperature for a
time period. In some embodiments, the fluid may include
IPA. Moreover, 1n some embodiments, the gas may include
nitrogen. Further, in some embodiments, the temperature
may be 90° C. Further still, in some embodiments, the time
pertod may be 60 minutes.

Moreover, the partially-tabricated device 300z may be
cleaned before forming the etch mask 362 over the portion
363 of the second bio-compatible layer 358. The partially-
tabricated device 3007 may be cleaned 1n a variety of ways.
For example, the partially-fabricated device 300z may be
cleaned by soaking in a first fluid, rinsing in a second tluid,
and drying with a gas. In some embodiments, the first fluid
may include a solvent, such as acetone. Moreover, 1n some
embodiments, the second fluid may include IPA. Further, 1n
some embodiments, the gas may include nitrogen.
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Further, the partially-fabricated device 300z may be
baked before forming the etch mask 362 over the portion
363 of the second bio-compatible layer 358. The partially-
tabricated device 3007z may be baked 1n a variety of ways.
For example, the partially-fabricated device 300m may be
baked at a temperature for a time period. In some embodi-
ments, the temperature may be 90° C. Moreover, in some
embodiments, the time period may be 5 minutes. Further, 1n
some embodiments, the partially-fabricated device 300
may be baked on a hot plate. After the partially-fabricated
device 300# 1s baked, the partially-fabricated device 30056
may be cooled to room temperature.

As shown 1n FIG. 3p, exposed portions 364 of the second
bio-compatible layer 358 (i.e., the portions that are not
covered by the etch mask 362) are removed to provide a
partially-fabricated device 300p. In an example, the exposed
portions 364 of the second bio-compatible layer 3358 are
removed by etching using an inductively coupled plasma at
a power for a time period. In some embodiments, the
inductively coupled plasma may include an oxygen plasma.
Moreover, 1n some embodiments, the power may be 400 W
at a 300 W bias. Further, in some embodiments, the time
pertod may be 33 minutes. And, 1n such an example, the
etching may comprise one or more cycles that comprises an
etch period followed by a rest period, such that the partially-
tabricated device 3000 may cool down. In some embodi-
ments, the etch period may be 3 minutes. Moreover, 1n some
embodiments, the rest period may be 2 minutes. Further, 1n
some embodiments, the one or more cycles may be 11
cycles. And, in some embodiments, the one or more cycles
may be applied 1n sequence. Other plasmas and/or types of
plasmas may be used as well, such as a plasma asher, a
reactive 10n etcher, etc.

In such an example, a first portion 364 A of the exposed
portions 364 of the second bio-compatible layer 358 that 1s
located above the protective layer 348 is etched to thereby
form an opening 370 in the second bio-compatible layer 358.
In some embodiments, the opening 370 may have a dimen-
sion of between 500 to 700 micrometers. The opening 370
may have a variety of shapes, such as a square shape with
rounded corners, a rectangular shape, a circular shape, eftc.

Moreover, 1n such an example, a second portion 364B of
the exposed portions 364 of the second bio-compatible layer
3358 (and corresponding portions of the first-bio-compatible
layer 310) 1s etched, such that a portion 374 of the sacrificial
layer 304 1s exposed. The portion 374 of the sacrificial layer
304 that 1s exposed may be referred to as a release region.

In other examples (not shown), when the second portion
364B of the exposed portions 364 of the second bio-
compatible layer 358 (and corresponding portions of the
first-bio-compatible layer 310) 1s etched, the portion 374 of
the sacrificial layer 304 may be etched.

Additionally, the etching of the second portion 364B of
the exposed portions 364 of the second bio-compatible layer
358 (and corresponding portions of the first bio-compatible
layer 310) leaves excess material 372. With this approach,
the etch mask 362 may define a shape 366 of the bio-
compatible device and/or a shape 368 of the antenna 322.

Further, as 1llustrated 1n FIG. 3p, at least a portion of the
protective layer 348 1s removed thereby leaving a portion
348B of the protective layer 348. In an example, the portion
348B of the protective layer 348 1s removed by the induc-
tively coupled plasma that etches the exposed portions 364
of the second bio-compatible layer 358. In some embodi-
ments, the portion 348B of the protective layer 348 that 1s
ctched may have a thickness between 20 and 30 microm-
eters. And, as illustrated 1n FIG. 3p, at least a portion of the
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etch mask 362 1s removed thereby leaving a portion 362B of
the etch mask 362. In an example, the portion 362B of the
ctch mask 362 1s removed by the inductively coupled plasma
that etches the exposed portions 364 of the second bio-
compatible layer 358.

Next, the portion 348B of the protective layer 348 1is
removed to thereby expose the sensor electrodes 340 to
provide a partially-fabricated device 300g, as shown in FIG.
3¢. The portion 348B of the protective layer 348 may be
removed 1n a variety of ways. For example, the portion 348B
of the protective layer 348 may be removed by dissolving
the portion 348B of the protective layer 348 1n a fluid at
temperature for a time period. In some embodiments, the
fluid may comprise n-methyl pyrrolidinone. And 1n such
embodiments, the fluid may be Remover PG® sold by Micro
Chem. Moreover, 1n some embodiments, the temperature
may be 90° C. Further, in some embodiments, the time
period may be 5 minutes.

Moreover, 1n an example, removal may further mvolve
rinsing 1n a fluid and drying with a gas. In some embodi-
ments, the fluild may include IPA. Moreover, in some
embodiments, the gas may include nitrogen.

As shown 1n FIG. 37, the sacrificial layer 304 1s removed
to release the bio-compatible device 3007 from the working
substrate 302. The sacrificial layer 304 may be removed 1n
a variety of ways. For example, the sacrificial layer 304 may
be removed by dissolving the sacrificial layer 304 1n a fluid
at a temperature for a time period. In some embodiments, the
sacrificial layer 304 may be dissolved 1n the fluid through the
portion 374 of the sacrificial layer 304 that 1s exposed (or
that was etched when the second portion 364B of the
exposed portions 364 of the second bio-compatible layer
358 (and the corresponding portions of the first bio-com-
patible layer 310) 1s etched using the imnductively coupled
plasma). As another example, the sacrificial layer 304 may
be removed by etching (e.g., wet etching) using an etchant
that might not etch the second bio-compatible layer 358, the
first bio-compatible layer 310, and/or the conductive pattern
342.

Moreover, 1n an example, removal may further involve
soaking 1n a fluid, rinsing with the fluid, and drying. In some
embodiments, the fluid may include DI water. Moreover, 1n
some embodiments, drying may involve hand drying on a
towel.

As 1llustrated 1n FIG. 37, the bio-compatible device 3007
includes the first bio-compatible layer 310, the antenna 322,
the electrical contacts 324, the electrical interconnects 326,
the electrical interconnects 338, the sensor electrodes 340,
the second bio-compatible layer 358, the opening 370, the
first side 312 of the bio-compatible device, and the second
side 360 of the bio-compatible device. The first bio-com-
patible layer 310 and the second bio-compatible layer 3358
encapsulates the assembled components, except the sensor
clectrodes 340 are exposed by the opening 370.

The bio-compatible device 3007 1s suitable for 1ncorpo-
ration into a biological environment, such as within a
body-mountable device or an implantable medical device,
for example. Due to the encapsulating bio-compatible mate-
rial, the surrounding environment is sealed from the embed-
ded components. For example, if the bio-compatible device
3007 1s mmplanted 1 a biological host, or placed 1n an
eye-mountable device to be exposed to tear fluid, the bio-
compatible device 3007 1s able to be exposed to fluids of the
biological host (e.g., tear fluid, blood, etc.), because the
entire exterior surface 1s coated with bio-compatible mate-
rial, except that the sensor electrodes 340 are exposed to
allow detection of one or more analytes 1n the fluid.
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The description 1n FIGS. 3a-7 describes one example of a
process for fabricating a bio-compatible device that can be
embedded 1n an eye-mountable device. However, the pro-
cess described with reference to FIGS. 3a-r may be
employed to create bio-compatible devices for other appli-
cations, such as other mountable devices or implantable
clectronic medical device applications. Such implantable
clectronic medical devices may include an antenna for
communicating information (e.g., sensor results) and/or
inductively harvesting energy (e.g., radio frequency radia-
tion). Implantable electronic medical devices may also
include electrochemical sensors or they may include other
clectronic devices. The process described with reference to
FIGS. 3a-r may be used to create bio-compatible devices
suitable to be mounted on or 1n another part of the body, such
as the skin, a tooth, or on a tissue 1n the mouth, for example.

FIGS. 4a-d illustrate example sensor electrodes that may
be formed when forming the sensor electrodes 340 on the
second metal layer 436. Each of the example sensor elec-
trodes described herein may be formed in the process
described with reference to FI1G. 3i. The 1llustrations shown
in FIGS. 4a-d are generally shown 1n cross-section view to
illustrate formed layers developed to create a sensor elec-
trode. The dimensions, imncluding relative thicknesses and
widths, of the various layers illustrated and described in
connection with FIGS. 4a-d are not illustrated to scale.
Instead, the drawings in FIGS. 4a-d illustrate the various
layers for purposes of explanation only.

FIG. 4a illustrates a sensor electrode 400a with a first
conductive layer 401 of a first metal and a second conductive
layer 402 of a second metal over first conductive layer 401.
In FIG. 4a, the second conductive layer 402 1s a continuous
layer. In an example, the first metal 1s gold, and the second
metal 1s platinum. Other metals could be used. In general,
however, the first metal 1s more malleable and less prone to
cracking than the second metal.

In some embodiments, the second conductive layer 402
may not need to be continuous. The second conductive layer
402 may be segmented to minimize the amount of the
second metal used to form the sensor electrodes 340. FI1G. 45
illustrates a sensor electrode 4000 1n which the second
conductive layer 402 of the electrode 400a 1s formed as
second conductive layer segment 402a-c. The second con-
ductive layer segments 402a-¢ may provide suilicient sur-
face area for oxidation reactions or reduction reactions at the
sensor electrodes 340 while using less of the second metal
than 1s used in the second conductive layer 402. Further,
with gaps 404a-b between the second conductive layer
segments 402a-c, the second conductive layer segments
402a-¢c may be less prone to cracking than the second
conductive layer 402.

Moreover, the sensor electrodes 340 may include more
than two layers. FIG. 4c¢ illustrates a sensor electrode 400c¢
in which a third conductive layer 403 of a third metal 1s
between first conductive layer 401 and second conductive
layer 402. FIG. 44 illustrates a sensor electrode 4004 1n
which a third conductive layer 403 of a third metal 1s
between first conductive layer 401 and second conductive
layer segments 402a-c. The third conductive layer 403 may
provide additional structure for the sensor electrodes. For
example, the third metal may be selected to provide a strong
bond between the first and second metals; thus, 1f the first
metal 1s gold and the second metal i1s platinum, the third
metal could be palladium. In yet other examples, the sensor
clectrodes may include more than three layers.

FIG. 5 1s a flowchart of a method 500 for fabricating a
bio-compatible device, according to an example embodi-
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ment. The method 500 may involve forming a sacrificial
layer on a working substrate (block 3502). The sacrificial
layer may be the same as or similar to the sacrificial layer
304. Moreover, the sacrificial layer may be formed the same
or similar way as the sacrificial layer may be formed as
described with reference to FIG. 3a. The working substrate
may be the same as or similar to the working substrate 302.

For instance, in some embodiments, the sacrificial layer
may comprise one or more metal layers. Moreover, 1n some
embodiments, the sacrificial layer may comprise one or
more photoresist layers. Further, in some embodiments, the
sacrificial layer may comprise at least one photoresist layer
that 1s patterned negatively. Further still, 1n some embodi-
ments, the sacrificial layer may comprise at least one pho-
toresist layer that 1s patterned positively. Moreover, in some
embodiments, the sacrificial layer may comprise one or
more metal layers formed over one or more photoresist
layers. Further, 1n some embodiments, the sacrificial layer
may comprise one or more photoresist layers formed over
one or more metal layers. Further still, 1n some embodi-
ments, the sacrificial layer may comprise one or more
materials selected from the group consisting of aluminum,
titanium, chromium, 1-methoxy-2-propanol acetate,
2-ethoxyethyl acetate, and cyclohexanone. And, 1n some
embodiments, when the sacrificial layer comprises one or
more photoresist layers and one or more metal layers, at
least one photoresist layer of the one or more photoresists
layers may be thicker than at least one metal layer of the one
or more metal layers.

The method 500 may mnvolve forming a first bio-compat-
ible layer on the sacrificial layer such that the first bio-
compatible layer adheres to the sacrificial layer (block 504).
The first bio-compatible layer defines a first side of a
bio-compatible device. The first bio-compatible layer may
be the same as or similar to the first bio-compatible layer
310. Moreover, the first bio-compatible layer may be formed
the same or similar way as the first bio-compatible layer 310
may be formed as described with reference to FIG. 3b. For
instance, in some embodiments, when the sacrificial layer
comprises one or more metal layers, the first bio-compatible
layer may adhere to at least one metal layer of the one or
more metal layers via hydrogen bonds.

The method 500 may involve forming a conductive
pattern on the first bio-compatible layer (block 506). The
conductive pattern defines an antenna, sensor electrodes,
electrical contacts, and one or more electrical interconnects.
The conductive pattern may be the same as or similar to the
conductive pattern 342, the antenna may be the same as or
similar to the antenna 322, the electrical contacts may be the
same as or similar to the electrical contacts 324, and the one
or more electrical interconnects may be the same as or
similar to the electrical interconnects 326 and/or the elec-
trical interconnects 338. Further, the sensor electrodes may
include at least one of the sensor electrodes 340 and/or any
of the sensor electrodes 400a-d.

The method 500 may involve mounting an electronic
component to the conductive pattern (block 508). The elec-
tronic component may be the same as or similar to the
clectronic component 350. In some embodiments, mounting
the electronic component to the conductive pattern may
involve mounting the electronic component to the electrical
contacts. Moreover, 1n at least one such embodiment, the
clectronic component may be mounted to the electrical
contacts the same or similar way as the electronic compo-
nent 350 may be mounted to the electrical contacts 324 as
described with reference to FIG. 31.
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For instance, in some embodiments, when the sacrificial
layer comprises one or more photoresist layers, at least one
photoresist layer of the one or more photoresist layers may
be aligned with a location of the first bio-compatible layer
where the electronic component 1s mounted to the conduc- 5
tive pattern. Moreover, 1n at least one such embodiment, the
at least one photoresist layer may have at least one dimen-
sion that 1s greater than a corresponding dimension of the
clectronic component. Further, 1n at least one such embodi-
ment, when the sacrificial layer further comprises one or 10
more metal layers, the at least one photoresist layer may be
formed over at least one metal layer of the one or more metal
layers. Further still, in at least one such embodiment, when
the sacrificial layer further comprises one or more metal
layers, at least one metal layer of the one or more metal 15
layers may be formed over the at least one photoresist layer.

The method 500 may involve forming a second bio-
compatible layer over the first bio-compatible layer, the
clectronic component, and the conductive pattern (block
510). The second bio-compatible layer defines a second side 20
of the bio-compatible device. The second bio-compatible
layer may be the same as or similar to the second bio-
compatible layer 358. Moreover, the second bio-compatible
layer may be formed the same or similar way to as the
second bio-compatible layer 338 may be formed as 25
described with reference to FIG. 3.

The method 500 may mvolve removing the sacrificial
layer to release the bio-compatible device from the working
substrate (block 512). The sacrificial layer may be removed
to release the bio-compatible device from the working 30
substrate the same or similar way as the sacrificial layer 304
may be removed to release the bio-compatible device 3007
from the working substrate 302 as described with reference
to FIG. 3~

For mstance, in some embodiments, removing the sacri- 35
ficial layer to release the bio-compatible device from the
working substrate may involve etching a portion of the
second and first bio-compatible layers using an inductively
coupled plasma, such that a portion of the sacrificial layer 1s
exposed, and dissolving the sacrificial layer in a fluid. 40
Moreover, 1n at least one such embodiment, the portion of
the sacrificial layer that 1s exposed may be the same as or
similar to the portion 374 of the sacrificial layer 304 that 1s
exposed. And, the portion of the second and first bio-
compatible layers may be etched using an inductively 45
coupled plasma, such that the portion of the sacrificial layer
1s exposed, the same or similar way as the portion the portion
364B of the exposed portions 364 of the second bio-
compatible layer 358 (and corresponding portions of the first
bio-compatible layer 310) may be etched, such that the 50
portion 374 of the sacrificial layer 304 1s exposed, as
described with reference to FIG. 3p. Further, 1n at least one
such embodiment, the fluid may comprise potassium borates
and/or 1-methyl-2-pyrrolidone.

Moreover, in some embodiments, removing the sacrificial 55
layer to release the bio-compatible device from the working
substrate may comprise etching the sacrificial layer.

Further, 1n some embodiments, removing the sacrificial
layer to release the bio-compatible device from the working
substrate may involve etching a portion of the second and 60
first bio-compatible layers and a first portion of the sacrifi-
cial layer using an inductively coupled plasma, and dissolv-
ing a second portion of the sacrificial layer i a fluid.
Moreover, 1n at least one such embodiment, the first portion
of the sacrificial layer that i1s etched may be the same as or 65
similar to the portion 374 of the sacrificial layer 304 that 1s
ctched. And, the portion of the second and first bio-compat-
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ible layers and the first portion of the sacrificial layer may be
etched using an inductively coupled plasma, the same or
similar way as the portion the portion 364B of the exposed
portions 364 of the second bio-compatible layer 358 (and
corresponding portions of the first bio-compatible layer 310)
and the portion 374 of the sacrificial layer may be etched, as
described with reference to FIG. 3p. Further, in at least one
such embodiment, the fluid may comprise potassium borates
and/or 1-methyl-2-pyrrolidone.

Further still, in some embodiments, when the sacrificial
layer comprises one or more photoresist layers, removing
the sacrificial layer to release the bio-compatible device
from the working substrate may comprise etching under at
least one photoresist layer of the one or more photoresist
layers.

Further, the method 500 may further involve forming a
protective layer over the sensor electrodes, such that the
sensor electrodes are covered by the protective layer. The
protective layer may be the same as or similar to the
protective layer 348. Moreover, the protective layer may be
formed the same or similar way as the protective layer 348
may be formed as described with reference to FIG. 3%

Further still, the method 500 may further involve remov-
ing a portion of the second bio-compatible layer to form an
opening 1n the second bio-compatible layer. The opening
may be the same as or similar to the opening 370. The
portion of the second bio-compatible layer may be removed
to form an opening in the second bio-compatible layer the
same or similar way as a portion of the second bio-compat-
ible layer 358 may be removed to form the opening 370 1n
the second bio-compatible layer 358 as described with
reference to FIGS. 3o-p.

Moreover, 1n some embodiments, removing a portion of
the second bio-compatible layer to form an opening in the
second bio-compatible layer may comprise forming an etch
mask over the second bio-compatible layer, wherein the etch
mask exposes the portion of the second bio-compatible
layer; and etching, using an inductively coupled plasma, the
portion of the second bio-compatible layer exposed by the
ctch mask to thereby form the opening. Further, in some
embodiments, the etch mask may define a shape of the
bio-compatible device. Further still, in some embodiments,
the etch mask may define a shape of the antenna. The etch
mask may be same as or similar to the etch mask 362, the
shape of the bio-compatible device may be the same as or
similar to the shape 366 of the bio-compatible device, the
shape of the antenna may be the same as or similar to the
shape 368 of the antenna 322, and the mnductively coupled
plasma may be the same as or similar to the inductively
coupled plasma described with reference to FIG. 3o.

Moreover, the method 500 may further involve removing,
the protective layer through the opening in the second
bio-compatible layer to thereby expose the sensor elec-
trodes. The protective layer may be removed through the
opening 1n the second bio-compatible layer to thereby
expose the sensor electrodes 1n the same or similar way as
the protective layer 348 may be removed through the
opening 370 in the second bio-compatible layer 358 to
thereby expose the sensor electrodes 348 as described with
reference to FIGS. 3p-g.

For instance, 1n some embodiments, removing the pro-
tective layer through the opening 1n the second bio-compat-
ible layer to thereby expose the sensor electrodes may
comprise etching, using the inductively coupled plasma, at
least a portion of the protective layer through the opening 1n
the second bio-compatible layer. Moreover, in some
embodiments, removing the protective layer through the
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opening 1n the second bio-compatible layer to thereby
expose the sensor electrodes may comprise dissolving at
least a portion of the protective layer 1n a fluid. The fluid
may be the same as or similar to the flmd used to dissolve
the portion 348B of the protective layer 348 described with
reference to FIG. 3g.

FIG. 6 1s a flow chart illustrating a method 600 for
forming a conductive pattern, according to an example

embodiment. The method 600 may be performed 1n con-
nection with block 506 of method 500. The method 600 may

involve forming a seed layer over the first bio-compatible
layer (block 602). The seed layer may be the same as or
similar to the seed layer 314. The seed layer may be formed
the same or similar way as the seed layer 314 may be formed
as described with reference to FIG. 3c.

The method 600 may involve forming a first mask over a
portion of the seed layer (block 1204). The first mask may
be the same as or similar to the first mask 316. The first mask
may be formed the same or similar way as the first mask 316
may be formed as described with reference to FIG. 3d.

The method 600 may imnvolve forming a {irst metal layer
over portions ol the seed layer not covered by the first

sacrificial layer (block 606). The first metal layer defines the
antenna, the electrical contacts, and at least one electrical
interconnects of the one or more electrical interconnects.
The first metal layer may be the same as or similar to the first
metal layer 320. The first metal layer may be formed the
same or similar way as the first metal layer 320 may be
formed as described with reference to FIG. 3e.

The method 600 may involve removing the first mask
(block 608). The first mask may be removed in the same or
similar way as the first mask 316 may be removed as
described with reference to FIG. 3/.

The method 600 may imnvolve forming a second mask over
the first metal layer (block 610). The second mask may be
the same as or similar to the second mask 329. The second
mask may be formed the same or similar way as the second
mask 329 may be formed as described with reference to FIG.
3/.

The method 600 may involve removing portions of the
seed layer not covered by the first metal layer (block 612).
The portions of the seed layer not covered by the first metal
layer may be removed the same or similar way as the portion
318 of the seed layer 314 may be removed as described with
reference to FIG. 3g.

The method 600 may involve removing the second mask
(block 614). The second mask may be removed the same or
similar way as the second mask 329 may be removed as
described with reference to FIG. 3g.

The method 600 may imnvolve forming a third mask over
a portion of the first bio-compatible layer and a portion of
the first metal layer (block 616). The third mask may be the
same as or similar to the third mask 330. The third mask may
be formed the same or similar way as the third mask 330
may be formed as described with reference to FIG. 34

The method 600 may involve forming a second metal
layer over portions of the first bio-compatible layer and
portions of the first metal layer not covered by the third mask
(block 618). The second metal layer defines the sensor
clectrodes and at least one electrical interconnects of the one
or more ¢lectrical interconnects. The second metal layer may
be the same as or similar to the second metal layer 336. The
second metal layer may be formed the same or similar way
as the second metal layer 336 may be formed as described
with reference to FIG. 3i.

The method 600 may mnvolve removing the third mask
(block 620). The third mask may be removed the same or
similar way as the third mask 330 may be removed as
described with reference to FIG. 3;.
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FIG. 7 depicts a computer-readable medium configured
according to an example embodiment. In example embodi-
ments, the example system can include one or more proces-
sors, one or more forms of memory, one or more input
devices/interfaces, one or more output devices/interfaces,
and machine-readable instructions that when executed by
the one or more processors cause a system to carry out the
various functions, tasks, capabilities, etc., described above.

In some embodiments, the disclosed techniques can be
implemented by computer program instructions encoded on
a non-transitory computer-readable storage media in a
machine-readable format, or on other non-transitory media
or articles of manufacture. FIG. 7 1s a schematic illustrating
a conceptual partial view of a computer program product
700 that includes a computer program for executing a
computer process on a computing device, to perform any of
the methods described herein.

In one embodiment, the computer program product 700 1s
provided using a signal bearing medium 702. The signal
bearing medium 702 may include one or more programming
instructions 704 that, when executed by one or more pro-
cessors may provide functionality or portions of the func-
tionality described above with respect to FIGS. 1-12. In
some examples, the signal bearing medium 1302 can include
a non-transitory computer-readable medium 706, such as,
but not limited to, a hard disk drive, a Compact Disc (CD),
a Digital Video Disk (DVD), a digital tape, memory, etc. In
some 1implementations, the signal bearing medium 702 can
be a computer recordable medium 708, such as, but not
limited to, memory, read/write (R/W) CDs, R/W DVDs, etc.
In some 1mplementations, the signal bearing medium 702
can be a communications medium 710, such as, but not
limited to, a digital and/or an analog communication
medium (e.g., a fiber optic cable, a waveguide, a wired
communications link, a wireless communication link, etc.).
Thus, for example, the signal bearing medium 702 can be
conveyed by a wireless form of the communications
medium 710.

The one or more programming instructions 704 can be,
for example, computer executable and/or logic implemented
instructions. In some examples, a computing device 1is
configured to provide various operations, functions, or
actions 1n response to the programming instructions 704
conveyed to the computing device by one or more of the
computer readable medium 706, the computer recordable
medium 708, and/or the communications medium 710.

The non-transitory computer readable medium 706 can
also be distributed among multiple data storage elements,
which could be remotely located from each other. The
computing device that executes some or all of the stored
instructions can be a microtfabrication controller, or another
computing platform. Alternatively, the computing device
that executes some or all of the stored instructions could be
remotely located computer system, such as a server.

IV. Conclusion

It should be understood that arrangements described
herein are for purposes of example only. As such, those
skilled 1n the art will appreciate that other arrangements and
other elements (e.g., machines, interfaces, functions, orders,
and groupings of functions, etc.) can be used instead, and
some elements may be omitted altogether according to the
desired results. Further, many of the clements that are
described are functional entities that may be implemented as
discrete or distributed components or 1in conjunction with
other components, 1n any suitable combination and location.

While various aspects and embodiments have been dis-
closed herein, other aspects and embodiments will be appar-
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ent to those skilled in the art. The various aspects and
embodiments disclosed herein are for purposes of illustra-
tion and are not itended to be limiting, with the true scope
and spirit being indicated by the following claims, along
with the full scope of equivalents to which such claims are
entitled. It 1s also to be understood that the terminology used
herein 1s for the purpose of describing particular embodi-
ments only, and 1s not intended to be limiting.

Where example embodiments involve information related
to a person or a device of a person, some embodiments may
include privacy controls. Such privacy controls may include,
at least, anonymization of device identifiers, transparency
and user controls, including functionality that would enable
users to modily or delete information relating to the user’s
use of a product.

Further, 1in situations in where embodiments discussed
herein collect personal imformation about users, or may
make use of personal information, the users may be provided
with an opportunity to control whether programs or features
collect user imnformation (e.g., information about a user’s
medical history, social network, social actions or activities,
proiession, a user’s preferences, or a user’s current location),
or to control whether and/or how to receive content from the
content server that may be more relevant to the user. In
addition, certain data may be treated 1n one or more ways
before 1t 1s stored or used, so that personally identifiable
information 1s removed. For example, a user’s identity may
be treated so that no personally 1dentifiable information can
be determined for the user, or a user’s geographic location
may be generalized where location information 1s obtained
(such as to a city, ZIP code, or state level), so that a particular
location of a user cannot be determined. Thus, the user may
have control over how information 1s collected about the
user and used by a content server.

We claim:

1. A method comprising:

forming a conductive pattern on a bio-compatible layer to
provide at least one sensor electrode, wherein forming
the conductive pattern comprises: (1) forming a first
conductive layer by forming a continuous layer of a
first metal on a portion of the bio-compatible layer and
(11) forming a second conductive layer by forming a
plurality of segments of a second metal over the first
conductive layer, such that the first conductive layer 1s
not covered by the second metal between the segments,
and wherein the first metal 1s more malleable than the
second metal; and

mounting an electronic component to the conductive
pattern to provide at least an electrochemical sensor for
use 1in a body-mountable device.
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2. The method of claim 1, wherein the first metal 1s gold.
3. The method of claim 1, wherein the second conductive
layer provides a surface on which one of an oxidation
reaction or a reduction reaction of reactant occurs, and
wherein an 1dentity of the second metal depends on at least

the reactant.

4. The method of claim 3, wherein the reactant 1s hydro-
gen peroxide, and wherein the second metal 1s platinum.

5. The method of claim 1, wherein the at least one sensor
clectrode further comprises a third conductive layer com-
prising a third metal, wherein the third conductive layer 1s
between the first conductive layer and the second conductive
layer.

6. The method of claim 5, wherein the third metal 1s
palladium.

7. The method of claim 5, wherein forming the conductive
pattern further comprises:

forming a continuous layer of the third metal over the first
conductive layer to provide the third conductive layer.

8. A sensor comprising:

a conductive pattern on a bio-compatible surface com-
prising at least one sensor electrode that includes (1) a
first conductive layer comprising a continuous layer of
a first metal and (11) a second conductive layer com-
prising a plurality of segments of a second metal over
the first conductive layer, wherein the first conductive
layer 1s not covered by the second metal between the
segments, and wherein the first metal 1s more malleable
than the second metal; and

an electronic component mounted to the conductive pat-
tern, wherein the sensor 1s for use as an electrochemical
sensor 1 a body-mountable device.

9. The sensor of claim 8, wherein the first metal 1s gold.

10. The sensor of claim 8, wherein the second conductive
layer provides a surface on which one of an oxidation
reaction or a reduction reaction ol reactant occurs, and
wherein an 1dentity of the second metal depends on at least
the reactant.

11. The sensor of claim 10, wherein the second metal 1s
platinum.

12. The sensor of claim 8, wherein the at least one sensor
clectrode further comprises a third conductive layer com-
prising a third metal, wherein the third conductive layer 1s
between the first conductive layer and the second conductive
layer.

13. The sensor of claim 12, wherein the third metal 1s
palladium.

14. The sensor of claim 12, wherein the third conductive
layer comprises a continuous layer of the third metal.
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